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The i^resent- 3 nvf^nt.i on relate^s; to an expression system which 
provides hetero! oqo!.uj px'oteins expressed isy a non-native 
host, organism but ivhich have native-prote In-like biological 
activity and /or structure. 



BkCKGmmm m the imm'smu 

X5 Advances dujrl««^ the past ciscadfe in sjolessjuiar biology and 
genetic engineering havsj sade it posisible to pjrbdtiae. large 
amounts of protexp product^ using 3b©terologo«s e^tession 

20 The US& or heterologous hosts for production of, for 
axaa-tple. therapsutic proteins, can lead, hQv;sv©r, to 
vLi u-^Vi-r^ce;"- in ths- birOiogiC::;! and.'or r^tructurmi prop-^ir tifts^. 
ox r,ho recombinant product:. Amongst tho i:;,^ ocn-;^ffac?.5 .i 
modi;;icoVuione^ th-nt o-ommoniy oco:ur i:o pror,sinn ■iur.in-i or 

2':. i'ol'iovxng t.heir synt.hosir. in the cell, tlie Icsr u-.st ion of 
aissu.ipaide bonds is ot relevance iJince this -fftodlf lc«t icn is 
coup,led to the cor-rect .ioldirs^ or assojsbly of disuiphide- 
bonded proteins (raviewed by J.CA, Bardvell and 
J. BecKwith, CB.ll, 74i ?69~771, 1993; R.B. Freedaan, in 

.10 Protein Folding, T.S. Creighton (ed.), W.H. Freejaan and Co., 

In bacteria and other host ceils for exajspl<&f under certain 
conditions, some heterologous proteins are precipitated 
35 within cells as "ref racti le" or "Inclusion" foodies. Such 
refractile or inclusion bodies consist o;: derssse riasses of. 
paitiaiiy Soided, reduced heterologous protsdn which is 
often In a form vfhich is not foiologicaily active 
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(S,B, St-orrs 0t ai , , Protein Folding - AiJierican Ch&Tsic&l 
Saci&ty Sysiposium Series 470^ Chapt&x' 15 1 ;197~204, 1991), 
It is believea that the biological iii=HCt Ivi.tv of natively- 
d.? sralphid--s-"brjnded rt*:? r3C*'-1 cr incl.usion heteroiogous; 
proteiris is d\jc- to i.ncorre.jr- prcte.;.ri Tolding or asuieiubXy 
brought about by the non-?, ors.^rxur) i.,-r aiisf orrsat ion of the 
disulphide bonds 'withm the proteins. The bioloaicai 
ir:actlvlr,y of refractiile or inclusion heterologous proteins 
due CO thifi; proceas of incorrect protein folding or assembly 
10 is believed to occur either before or after intracellular 
precipxtatxori or durii>g i^soiation of the proteins, 

Moreover, ^j'ery of ter? the biological ftat^otion of a protein is 
regxilateil or at least influ^noe<^ by the state cf OKidation 
IS of its sulpljyiSryl groups. This is the case for some 
enzymatic activities where the re^v^ersibility and timing of 
oxidatiors of suiphydryl groups hsts h&mn propos^^ed as a 
physiological control sjeohanisjn. 

20 There are numerous examples of disulphi.de~bj!nded protein^ in 
the literature-. For; iniJtanco, )»Oin: vlra,l glycoprotein-- and 
soTTse growth factor;-, a.re knov;n to foe disulphide-bcnde-J , Iri 
gensr.^I, disulphlvjfr bonds are essential to correct proT..n!in 
i:oidi5sa< Exar-^plos of disuiphide-bondei-s r.^-conbl nfint 

25 het-rjrc'logous proteins that have Lec/c. shown to be misfoided 
when expressed in, for exaispie, yeast c-ells include 
hepatitis B virtus large surface protein {siei&ans et ai . , DNA 
Cell Bioi,> XOi 191-200, 1391), a-i-anti trypsin {Moir and 
0«.jsais, Csexje^f S6"i 209~217, 1987), and erythropoietin 

30 (Elliott et Sene, ?9i 167^180, 1989). Exaapies Of 

recojafoirsant proteins expressed in, for exassiple, insect or 
laasamaltan cells, for xi?hich distilphide bonds have been shown 
to be essential for co.rrect protei.ri folding, inciade 
granulocyte/macrophage oolony stimulatincj -factor {GH-CSF) 

35 (Kaushansky «t al . , Proc, Natl. Acad, sci . 'Jsa,. -vifi; I23 3- 
1217, 19S9) , Friend erytbroleukaemia virus (SFFV) 
glycoprotein ap55 (Gliniah et ai . , J> bid. Ch&u: . , 26t>^. 
22991-22997, 1991), glycoprotein ot vesiciiiar jstosj^atitls 
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virus (VxW~G) (Grigera et ^jI . , J, ^='iroI,<^ <St>; 3749~375?', 
1992), pulmonary surfact:arst protein D (Crouch et ^1., J. 
Bxol, Chem^, 369i 15808-15813, 1994), low density 
lipoprotein (LDL) receptor (Bieri et al . , Bioch&mistry, 34 % 
5 I30o9-13Q65,, 19S5) , ,5 nsxiX :ln~Ii}ce growth factor CJ^ahrr* ^3t 
a I , Hi Q che 0 (■ xy , i 2 : ! i 2 1 4 - S 2 1 ,< ?. 9 9 3 } ,, and a ncj i o t e ns i n ~ 
con vert ina ensyse JACS) (Sturroch ef, ai > , laochoffuatry 3S: 
9560-9566, 1956 J . 2 r, shcA-id b^s rsoted r,hst in all these 
cas;e;v. heterolc-gox;;" proceir- expressiors in particuiar hosu. 
10 cells was only used to prodxjce sufficient quantities of the. 
protein con<s^rne<? to enable structtuf ai studies to be carried 
out. 

sesveral protein faotors which catalyise aisulphi«5e bond 
IS formation have been chax'acterized. Protein distxlphide 
isomerase (PDI) is an afottBdant, multiftsnctioml protein 
fourict in the; lumen of thes endopiasssic reticulum (ER) that 
prosaot^s proper formation of Msuiphide bonds in seeretory 
and cell surface proteins {LaMantia et al . , Froc, na.tl . 
20 Acac?. Bex. USA, aS; 4453-4457, 1991? Parquhar et al . , Gene^ 
IQSi 81~S9, 1991; Freedman, Cell, 57: 1069-1072, 1959; 
LabQissier« et al , , J. M<jI . cftsm., 270t 28006-^a800«» , 1995). 

A fc'inuiar lunccxon, ty-dz. in 3 dif 5f>f«^nt co:'h;l"}r ^■^cy>y.pnrr,r.e.n~ , 
2S has be«^n ascr 1 i;>i--<i to .-siiuther s;^,^^ , ubiqultcnis prot.^inj 
thloredoxin ^TFX} (Gars, Bio.;, , „ r6"f'. : 1692-1696, 

1991; f<5ulier,- J. Sloi. Chetri., 266i 9l94-92<,)2, iv9i; Cnlvers 
et al., EMBO J., IS-i 2659-2667, 1996), that na-s an active- 
site sequence similar to that of PDX, Thlorevjoxlns; sre 
30 cytosoiic polypeptiaes capable of catalyzing the reduction 
of disulphides using glutathione as a rsductant (Holjssgren, 
»J» Bioi., Chmsi,, 2$4i 13963-X3966, 19S9) . It has been 
postulated that thioreaosfin saay also be xnvolv<ad in the 
redaction of prea^aturely formed di«^\)lphide«J in proteins that 
:3S have entered the ER. Sinc«. the biological activity of a 
nusnber of key Bnzvr&csi tnvo*.^<'^3 or jcia: ^ -i* rath^^ays; 
depends on the cytos.-^l ) c r^-'lc^c f-yu^te^, it rian^^iMe that 
TBX plays a reievant role in tne Boditicatxon ot proteinu: 



^nvoxvea ir tela -^q i -oila j <.oru<3it-itn cth-» th t tae 
cytosol . 

j'-n- 1 ■i.i I ) >- 5 

^ 1 " the i r \ lor 



I*- rotft tppears thar aue to the iac)' of o*- in«:if arount 

h«teral:oqous prot«xns in non-native expression hosits, such 
expressed heterologouis prot«&ins air« often not bxqloqxcailv 
activ*& and/or have an incorrect protein structure-. 

ao The pre&eM invert ion overcop'o^ thxs problfc-n 4 

"1 pr^''*5ion of fo oloqjc^ilv icti%^ «anci/ox o^tcotlv 

hosts. 



or Tr\ u t X 1 t ■> ] 

t le ^xr n }- )1 o IT- i 

th^' ^ *- 1 m !»n ^ sedst Yeast ct^li^., cf 
o\c-^yt *- ~ »»Q M -5 It. j,ivt-e-.j» can '^ub<5e-'u«"t 
c»i«i»itanocuai> i t trani^f ors>cr3 «rith expr«»ssion vector^, 
eneodxng one or snore desirable betisroloQous proteins, Ihe 
hfe tfc 1: o lo£joi**5 p otem-s- expr-fssed an such PDI/"5^X~trAnw£ur led 
/ea&t cfeil^s. in a prope^Xx -lolvif biolfJCic^Hi -ictiv** 

tors t*3 o d^suiohide bond tornation acti-vity ot Uo 

OS eT-£>'«©s> <_o-<*xt3resteect m the i^an^ c" ii 



for example, proteins t'or: hussan or veterinary therapeutic 
and/or diagnostic use or other proteins of commercial or 
research interest. The correct and opti^sum biological 
acuivity effected by the aethods of the present invention is 
:> p^rasnounr in proaucing, for exsmpl^, effective drugs and 
d iagnosst ic reagents . 

PDI over£'>;pt e^.sivTir in i'archaro^x'csss cerev\i&'ittie has been 
found to enr5v\rc'-- cne aecxretion d hu^an pi ateler~dar.i vsd 
10 grow'ch laccor 8 horsodxiner {PDGF~8B} Into the culture ssediuK 
{Robinson ©fcal., Bio/T&chnoloqy, 12x 381-3a4, 1394). 

Itt the presenfc invention an increased level of heterologous 
protein folding efficiency Its cells has beeh demon®tratea> 

15 

According to a first aspect of the invention there is 
provided a vector cossprising an expression cassette 
coiaprising a segijence encoding a protein capable of 

catalysing disuiphide bond formation, 

20 

Such a vector desirably results in {av£;r ) OKpre^3.^r>ion of the 
protein In o>, tram; -.or :^-e.:l ltc>;:;t C';-ii, thus providing the 
conditjons for corrr.ct heterol oqc-u" protein ioJdina. 

25 The protein may be any protein capable of ■.::at.aly2 inq 
disulphide bond for^>ation and is preferably protein 
disnjlphids isosjerase (PDl) or thior<fedoxin {TRX) or a 
combination thereol . The genes encoding PDI and TRX are 
preferably oDtained fro5?^ yeast, more preferably froEj 

50 S. c&r&viBiaB. However, the sources of PDI and TRX can also 
include^ for exassplef human wild-type and mutant cDHA 
seguenees^ 

Aa used herein, the ter^ "expression cassette*' connotes an 
35 DMA seqxience co^oprising at least a structural DKA sequence 
encoding a protein and appropriate expression and optionally 
control sequences to facilitate expression of the structural 
DMA s^qtience ,. 
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The. vector i^&y cosprise smre thdn one DKA sequence eJicoding 
a protein which is cawabie of catalysing di sulphide bond 
forffidtiun, in one or siora ascprosf^ion casssan: tey , Thss DMA 
5 sequenc;--^;- tftav b-- repeat c; or t^iC■ ^-^,i-j!-c r.NA .r.^^>-7itoncr: or may 
encovte ditfercnt prctslr.is capable of cataiy2in<^ d^^iUipn^ae 
bond f orn,-5t.ion, S'rrv: Jm; jf>Kitipic ■-;op3C;-' of OHA SKiquonci::?; 
ol the j-arae -jr different proteins capable ol cataly- 
disulphide bond forrrat.x&r r^tpref^ent?. one way c-f. achlevlna 
IQ thi- dcsiirable o%^e.rc;>cpression o£ thrri prot&ix^s and thus 
achie\ring the advantageous and inventive "technical effect - 

Th«! expression cassette jtsay also comprise a mk &eqximoe 
encoding a leader peptide for secretion fused to the 5 ' end 

15 of the gene coaing for the protein capable of catalysing 
disulphido bond forsjation. In bo doing, the construct 
desirably results xn (1) (over)e3«pression of the protein in 
the transfortned cell, and (2) iocalisatlon of the 
(over) expressed protein in the ES, and/or other secretory 

20 coTspartments , where it can exert its function, thus 
providing the conditions for correct heterologous protein 
folding, 

2S Eurthes: coro.pr .u^v .m expression cassette- coT!\pr -.sS xn^ ON?*, 
sequence (s) encodissg one or «orr> hnr,f>rf. 1 r.gouc:> prcr-zins. 
Preferably, the fteteroiogous protein is hepatitis c vxrus 
{HCV) E2y,g envelope glycoprotein or human c~fos~induced 
growth factor (FI^F) ^ 

30 

Thm vector of the first aspect of the invention may las 
integrative or episoisal when trstnsf oinaed into a hosr; 
organism. Preferably the vector is capafoie of integration 
into the host organ ism » 

35 

Accord inq to a second .i*sp«?;ct of che invention there is 
provided a no^;*: organise transf ori^'sed with a vector according 
to the first aspect of the invent i.on. 



Again, wuitiple copies of th© vector may be present either 
as episojsal vectors or integrated in the host organiss> 
genome to assist {ovesr) express ion of the proteirs capable c£ 
5 catalysing disuiphiae bond forjnat ion, 

According to a trJ^J is.-ect ot the invention th<ir<-.. is; 
provided .=1 host crganif-w or the; ssficond aspect of tne 
invention t"\irt;r:f>r r rotas?. ;-.5r55u>d witii a vecr.;jr ^-^oyr.pr^. ■ an 
10 express,- or C'lssette co5^prising Dt^A sequence (s) encoding one 
or nore heterologous proteins. Tiiis fui-ther vector B^ay be 
int^Ksrauive or episoisal when transtortjsed into the host 
organism, 

IS The Jjost organisia ssay be co-~tra«:sf ect«id with xaore than one 
wet or which coisprises an escpression cassette coiRprieing D^h 
seqxsence Cs ) encoding owe or saore het^erologous proteins - 

The host orgawism ssay toe any host organise in which the 
30 (Sxprassion of a heterologous proteiii is prone to incorrect 
disalphida bond formation* 

The heteroiogous protsin may be <5ny prolt;-ir: r.ot norsAlly 
produced in I'fie }3o-,>t crrjanisis axKi x\!-h:;.>vf^ 'w--:uilOw in the 
2t> ai:.sence ^ over ] expro"-~ ion of t-h- prou^jn cap-sbU. oi 

catalyiiir.g aisuiphide banu :;crr,al. ion , bt; prc>:iucs;d .'.a tcnr! 
with inoorract disulphide bonds. Preferably, the 

heterologous g^rotein is HCV E2^^^ envelope glycoprotein or 
hursan FIGF* 

Preferably, the host organisjn according to the second and 
third aspects of the Invention is yeast and »ore preferably 
S , care si ae . 

1^ !korDr.3i*^o ""^ 21 ^r-tsrth asi?ert of t>e invention rhe>'e is 
pr<-\ d'^d 0 rotnod ot proQMvXr}"^ a hout dni > irf^ 
tat < or * -'-p^ot or ^-hf 1 i%^nnt\or, " Tv r i >-<"^-j n-^ 

a host organ.isT5i with a vectior ot the f-irst asoeer, of the. 
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irweatiort. 

Accordina to h txtth =5wrct or 'S'ho inv«rtion there is 
provided i« V, ^od or oduc nn i h_>5s.l rjrya^^'^i^ t t i M 
b the 'fchi'f <^pf "t ot ♦'h ^n^ftjfsp*, conpr ^m^ * 

seauenca(s) encodxnq one oir more h&t^rolo^ous proteins v 

correctly (structured aet«;roio<^ous pretexFj<^) in a host 
organism, cGiapr.is.ina the steps of : 

IS 

(a) transf orjaing a host organism with one or more yactors 
acGordma to the first aspect of the present mwrstion; 

(b) ntthei tr<- nslox thu ho t otgr snj of tetej- ^ 
2< f.^tnrt < vbs^-vjuently or bxmxiltancou&ly vxtb nne o:! i re 

vectors eoiaprisinq IMA sequencers) encodinq one or more 
hetsrologous proteins; and 

(o) c-aiuur ing the host orqijnisK of. step (b) in c-or^;jit,i ons 
25 suitable tor expression of the one or wore heterologous 
proteins* 

AocorJ "a tr a revcnt^ a'.pr>ct ot th^ ^^\ or i-ne): ir> 
p^^v^dcfX i jpot,h>Jd lor expressing? bioloqicu active <n i/or 
correcTly srrtictnred hctcrolosjcus protein{s) xn a host 
organisjs^ oomprisinq; 

(a) transforjsxna a host orcsanisja according to the second 
^^spt^ot ot th«» invention either subsoquentiy or 
sisanltanfo j*^" V %'\t\i one or iiore vectors c^or^i^rxB-^ra DNA 
weq„<='TiCf: !s) encodma t ih' o^ ri«'>'»"" h'^t ,lcacu« r^'ote Td 

(to) culturlng the host organissa of step (a) in conditions 



sxjitateie tor escprassipn of the o««; or siore feet^jrologo^ls 
proteins. 

KcooT'<iiy:<.) f.c an eight*'! aspect of the invention there is 
5 provided a method for e>s:pres;sif>q biolog Ir.rn >■■ -icrjv^-;- and/or 
corrsv.ctly structur?;- 1 h<,-^texx:!io30us prote i fs • tn ^ host 
orgc^nisin, cosspr i^^m j tho step of ru";t.ur'!na 's hc-sst oraanir^ni 
transiorjncd with osse or :r;ore vectors according to tne third 
.i~p!T:Ct of ths ir.vf-r.tion in cunaitions saitabis for 
10 expression oi" the one or more heterologous proteins. 

According to a ninth aspect of the invention there Is 
provia«a a jsetboi^ tor etxpsressing HCV E2j^^ &r(v&l&p& 
glycoprotein or hussar FIOF in a host organism. 



According to & tenth aspect of the inventioi^ there is 
provided a Kjethod for the preparation of. ars isasunogenlc 
cosRpositlon, comprising bringing ^€^-^2^,^ envelope 
qiyooprotein or huiaan FIGF produced by the method according 
20 to the ninth aspect of the invention into association with 
a pharmacetitically carrier and optio«aiiy an adjuvant. 



The pri^ctice or the present i.nver,~iof! will arriploy , uniess 
otherwise indicated, conventional techniques oi iTiolecuiar 
biology, jsicrobiology , recosnbinant DNA, r-tad i-tiiftunoJogy, 
which are within the skill of the srt. Such teohn-.ques are 

30 explained fully in the literature {see, for exasepie, 
Sasjforook. at: Ai., Molecular Cloning.* A Laboratory Manual ^ 
Second Edition, 1989; D.J* G lover (ed.)f DNACloixing^ Volusnes 
I and II, 1985; K.J. Gait Oligonucl&otxd& synthasis, 

1984 ? B,D, Hasies and S.J. Higgins (eds.), Nucleic Acid 

35 Hybridisation, 1984; B,D> Hawes and S.J. Higgins (eds.)* 
Transcription and Translation, 19B4; R.I. Freshnev fed.)* 
A;:<i™a? Ceil 0.5.;t.;^r&, 1986; XsmobiLized C^ll^ and Enzyn^es. , 
IRL Press, 1986; B. Perbai, A Fractical Guide to Moli^cnlar 



IS 




25 



wo sJSaT^OS 
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Cloning^ The series, Met^jods in Enzymologyf Acadai&ic 

Press, Inc.; J,H, ^filler and M.Pv Caioa (eds.), iSe/je 
Tr&txBf&r Vectors for Hastmalian Cells, Cold Spring Harbor 
Laboratory, l?J87; and Grossman {eds.) and Wa (ed, ) , 

5 M&thods in Sni-yrnaiogy^ Volumes i54 and 155, respecti vsly; 
Hay«^' Walker {eds>), ImmunGche:pical MothOii;-: in Cel} and 
HolecuJar iJioio-r}', A.C3d«;-^n|c Press., bondoii,- 1-^37; Scopes, 
Prot<ein Purif xvation; rrix>clpl<>-ir unJ Pr.^cv. i cc- ^ Second 
Editicn; f^pringer-ver iag, Kew York, l'-)87; and D-M. «sir aiid 
10 Cv C, Black we 11 (eds.), h'axidbook o£ Experxmntal Imnmnology, 

•As mentiorsed a»ove , examples of: the protein capable of 
cataiyzing dxsaiphide bond forisation that can be used in the 
3.5 present .inv^sntion inoiude polypeptides with minor a^ino acid 
variations f ro?a th® amino acid sequence of the FDI or trEK 
protein sped ficaliy described. 

A significant advantage of producing heterologous proteins 
20 by recojsbinant Dm techniques rather than by isolating and 
purifying a protein fro-^ natural soi^rces :s than equivalent 
quantities of the rr-^r->>ir can h:<> prcduced iov ussn^^ less 
stisrtin-,^ natc.rL»:i than v/otild bf? requlr&d f rsr isnlatinq rhe 
protean froTi-5 x natural source* Producing the proteir) by 
25 rv'^'oabi nunt te:::hr:xques ^.Iso permits? tho protein to h^- 
ir,o'i.'=5t-.od in the abs^^ncr or -.tc^wt- i-!^c- 1 c-cuiofr. nern^ally present 
in cells. Indeed, protein coiJipositions oritlreiy iree or .^ny 
trace of human protein oontatainants can readily be produced 
because the only human protein produced by the reccebinant 
30 non-hU3sah host is the recombinant protein at issue. 
Potential viral agents txom natural sources and viral 
oossponents pathogenic to htJiaana are also avoided. 

Pharmaceutical ly acceptable carriers include any carrier 
35 that does not itself induce the productiorj of antitoodi<?!?5 
h-rsr^-^.ful r^o the i nd.i vidua 1 receiving the compo-sir, ion. 
Suitable carriers are typically large, siovly jr;c- 1 a bo i.-.i;cd 
macrosaolecai«ss such as proteins, polysaccharides, poly lactic 
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acids, polyglycolic acids, poXytserlc asaino acids, aiaino acid 
copolyraers, lipid aggregates (such as oil droplets or 
liposoia€!s} and inactive viriia particias. Such carriers are 
well known to those of ordinary skill in the art. 
5 Additionally, theise carriers may function as 
imasunostiTRUlat ing agents (adj wwants) > 

Preferred adjuvants to enhance ctf octivene^y oi tnv coss^po- 
Silt Ion include, but are not limited to: aVos^imur salts 

10 faiosn) ;-;-uch a lurftl n-i iw. bydroxi,d«-^, a 1 ur:5inilJ.si'; phosphate, 
jil^isi rii-;rfi sulphate er..::, , emulstior^ fDrj^iuiat ions with or 

without otiier specific imTfJunostimjlating agents such as 
TRuraMyl peptide^s or bactH&riai csell wall cossponents^ such as 
for example {I) HF59 (Published rnternational patent 

IS application WO~A~90/1483"7 , containing 5% Bqualene, 0*&% 
Tween*^ 80, 0.5% Bp&m BS (optionally containing variowjs 
amounts of JfTF-^PE {see foelos^) , although not required) 
f<srsaulate<3 into subjaic3?an particles rising a mierof iuidisaer 
such as Model llOY ssicrof luidiaer (Microf luidics, Newtot), UK 

20 02164f USA), (2) ShF, containing 10% sgualene, 0.4% T%reen 
80, pluronic-blocked polvr-er tl?. I, and thr--MD? {ses 

below) either microf luid ized : nt^ 5 ;,;«b5.J ■.~.'ron e-uls-c-n or 
vortcxo-1 to o«^n<r^rat*^ -i l.-^rgr-r p-irtide isii;-;- ojru;-^. p., and 

2-:- M'l , USA) containing S-;|u.-» i t-5n-->, 0,"- iveen'^ SO .^::-s v>r,o or 
i^^ore bacteria,- cexl \val] .vomponeru:-.r fror tne group 
consistin-;i of iT-.onophosjphory ! lipid A {.'"tPL) trehalose 
dirnycolat.& (TDM), and cali v/al.l skeiet-on (CV^Pj preferably 
HPL-i-a'JS ( Detox ^*'), mxirainyl peptides such as N~acer.yi~jTxura3iyl~ 

30 L-thraanyl-D-isoglutaisine {thr-MDP) , H-acetyl-normurajnyl- 
i:,~a lany 1 -o-i soglutaMi ne { nor -^MDF ) , N-acety l-ssuraiay 
aianyi~D-isogiutaiRinyl~L~alanine-2- { 1 ' ~3 ' -dipalnsitoy 
glycero-~3~-liydrQKyphosphoryloxy)-ethyiamine (MTf-PE) etc., 
and cytokines, such as interleukine (IL-I, IL~3 etc.)* 

3S macrophage colony stmulating factor (M~CSF) , tumour 
necrosis factor (TJJF) etc. J^dditionallv , saponin >.diuvants, 
such as Stiffiulcn"" (Cambridge Bioscience, «orce'.^ter, HA, 
way be used or particles generated therefrom such as ISCOMS 
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(IssffunostimJiating cossplexes) ~ Furtherisore, cosipiet«! 
Preunds Adjuvant (CPA) and Incojspiete Preunds Adjuvant (XFA) 
laay be ijs®^. Alum and MF59 ar<3i preferred, 

5 The isasunogenic compositions («.g» the antigen, 
pha >ni)ac«^;U t i ca.1 ly sccept:ab1e cart'ier and adjuvant) typically 
v/,llX contain diliu-^ntG, *v,.;ch as <Aater, <fiyc.eroi, 
etna no. 1 , etc, Additj-onaliy , auxiliary subestaxjcea, such as 
wfitr.jnq t-;r «w s Uni fy Hv::| aqent?;, buflierlnq Kixfostanci&s , and 
10 the like, Kay b«» present in such vehicles. 



*I?ypically, the isamunogersic compositions are prepared as 
injectabies, either as liquid solutions or suspensions; 
IS solid foriss suitable: tor soltjtion in^ or suspensioji in, 
liquid vehicl^es prior to injection juay also foe prepared. 
The preparation also laay be eiaulsif led or encapsulated in 
liposomes for enhanced adjuvant effect as discussed atoove 
tinder pharmasceutxcally acceptable carriers. 

20 

ijsBunagenic compositions used as vaccines cojapriss an 
iisBuno logically effective ajsount of the antigenic 
polypeptide?-^ , well es^ any oth';-r o£ the abov-->~mern:.'! oned 
compcnc-nts , as needed. By *' ■irf.'iuriO ■ cqicoj 11 y effective 

25 dfKount'*, it is incax-tt thar. the adiin rn.c;trv.5t ioi; thau a^ounu 
to an .individnal , eir.hi^-r in a sanaU^: jc^sj^ or ;'■!?■< parr ot a 
series, is etfectiva lor treatment or prevention. This 
arjount varies depending upon the health and phys^ica) 
condition of the individual to be treated, the t5>:Gnoi-sic 

30 group of individual to be treated (e.g., nonhiijnan prim^ate, 
prisBate, etc), the capacity of tbe individual's iisjaune 
system to synthesize antibodies, the degree of protection 
desired, the fors-ulation of the vaccine, the treating 
doctor's assessment of the medical situation, and other rel- 

35 evant factors. It is expected that the amount will fall in 
a relatively broad range that can be determined through 
routin© trials. 



he 'STaunocreni c coinpc > t or no "c^i^snt onailv ad'^Aris- 
tered pare t<MSil\ «„ g b> 3.nj«'cti:3i t Uft? -iUbc-uta* fc-o« }v 
or rstrt ruscu"'arl> Avid t-'oml *otraIa+ on t le to'' 
ot*^< <,'a^<^ 4t 1 3 on 1 a Juao t r -i i \ 

f oi ™ 3 1 ii'i t-o i <^ ar<-' an a<„ | t 

&> -i h t ha!- tu«^ ot i OE xr 

artipula-^ion (i.) not ^^^oc 'st^&d w th 1 ot p tt-«or Lt 
a polvniacleotxde witfe which it is associated xn nature, (S.) 

IxnKea to polvnut.ls,oti.c?e other than that to whicb *• 
linked nature, or (j) does not occur i:n nature i 

The terjis '^polynucleotide" as used herein reters to a 
poly3neri.c! form of riueleotides of any lenath, ea.'Cher 
r bo icieotid«»s ot d«>oxy ben* c eotide*; Th ^ *-eiT« »ts> 
orii.^ t.Q tV o^-i.'^si' -^Nt r <^-*- re * be Tfolet. iXc Th *■]: 

r \ <?i?=: c'v) ib"' > t nnkd "yw and 

<u K r i,)^ ■} X t 'Ti 1 r X 1 

lafcels which are known in tJ>e art, fiiethylation , 



-^e: n J. ho ^i^'^r'i-r^i. \ha hrtr « "'♦"'^ i -tn di 

ij^^ -n^tc * A a vith charged im ?c (c <j 

pnosphorofchiQates . phosphor od ithioates j etc.), chose 
staining dan-^ --^ i ties &.ua* db, fox evawle pto*- $ 
ntUa^nq for exanple nucleate*', tox n*", art boaies, 
sxsjnal peptides, poIy~I.~ivsi.na, etc*)* those wxth 
■sntetcaJa-^ t^s (f a c» d e .j&oraien etc , these 
o-^t ^n^ni che t ^-o " (t*?>t-<i'- radt acti^)?^ tsets «5 

c'"' ">v^c^ ti e 'Ti*' et ) ^h'~ c -"-^-^r? tl? \ t r-^ 

^ iod * eo 1 i n ;je ^ <. =i ^ ^ s 
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A «replicon" xb ars" cren«tic clsTnerst 0.9 , a a 
cbrojsosom-^ -5^1*'. =3 oTn-^^d, s^t^. that »,eha.^ e„ 0 "•n 
5 autonomous a ^ ^ a.^ ^<'ot^ix^ i ej. . ^i, it 1 -^n - i o^ll* 

i.e., capas*!*' or xtt^ \x &t\ox\ \m\a xt*; own i.onttcl his 
may s.ncl'ude selectable Tsarkers. 

"•"e . c'-^n »<hirh another po '\ r^*wlw.ot i -«e 

IQ ^^oKi^nt at trft ^■st-'u, db. T) bx tng about thc> > It o=it.i on 
and /or expression of the attached seqjseJit^ 

** Control ©eqtjersce" ref^srs to t-jolynucleota.de seqiiiences whicii 
are necesBasry to ef tect the expression of covins? sequences 

IS to wfeiiDh they are iigat'^cl. Tim nature ot such control 
segusRces differs dspsndinq upon the host orqanisis; 
prokar^ot©^ , sttch control s«<3uenc&s 9eneraiiv xncluae 
protaot^r, rj.bosomal binding site, and transcription 
termination sequence; m eukaryotes, gonerav.lv, ^ rorttol 

25 S€*guences mcluds* promoters and txanscrtpr i on *-erniration 
^sequence. Tho ter;35 "control sequencoo." is xrxton ^^ -"o 
irclude, at ttsmiBUSj, all cojsponont"^ vhos-f rire«^!:>n>.r i.^ 
rac^r^-ary ^-^r eypr«»<5'"ion, f^nd ^av ^l^-;" i^e jd^ daN*iuionai 
] t * kj^ < -> 1 ^, ! 1? ^ n < a > for axaTRpIe, 

'*Jpetab]v l^n\ed' '^itf " » ^ in\ti.o" herei-i t.>c 

components so ^^s^wr^bfed are \n a >elaticnship pcxn^ltirg 
Uit.<is to i.ur< t .Oi! 1,1 the^i ^ntcnced isanner A c* nt^oi 
30 «"eane«r;o »o»erablv ltnK:ed" to ^ coiS^nq secfwnra ts liqatea 
131 -^uch a way that expzes&xon of the wOdxng f equf-nce is 
arhiewd under conditions cosppatible wit'i ths» control 
seqsiences, 

35 An "open reading f rasas'" (ORF) is a region of a 
poiyi"iUcleotlde sequence which encodes a polypeptide; this 
regior, 5\^ay represent a portion of a coding sequence or a 
total coding sequence. 
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A "coding sequence" is a polynucleotide sequence which is 
transiatea into a polypeptide, usually via ?^RNA, when placed 
UT^der the control of appropriate regulatory sequences. The 
5 foounaaries of the coding sequence are detera?ined by a 
translation start: codon at the 5 ' -terjainus and a translation 
stop oodon at the 3 » -tersjinxss. h coding jsequsnce oan 
include, but is not liinited to, cDHA, and recombinant 
po lynucleotide sequences ♦ 

10 

"?CK** r«-'fi:!r~- to the tecnn^que ol poly*'"'"-'^''^-'*'^ ch3;:i i va^ t 
.IS described in Saiki er ai . , Nature, 324i Ihii, 1986; scharf 
ex: al., Scienc&, Z33i 1076-1078, U%S. Patent 

4^683,195; and U.:S, Pateht 4^683,203, 

IS 

:hB used herein, x is "heterologous" with ssespect to y if x 
is not naturally associated with y in the identical manner; 
i.e., X is not associated with y in nature or x is not 
assdciated with y in the sa?se manner as is found in nature* 

•*H05r>ology*' refers to th« deqrse of similarity between x and 
y. The correspanaen.c-c ;>o* x.* tne foqii>?ncr: fron one TorTr. to 
another can bo det:cr;Tii r-od by technsqusi^ Kn>:>'w'n in the art,. 
For exainplc, tJiey cm b<.^ dnr,c rri.;nr;d by direct; cojnpar iscsr> 

35 of the sequence inferiaatiun oi I'b-.- polynuolerr,.ide. 
Aiuernatlveiy , horcioiogy can be -k'tx-r-mi ned by hybridi;;ation 
oy the- polynucleotides under conditions X'vnich liC'r-i- stabls- 
duplexes between hOiJioioaous rspglons: (lor example, those 
wnich would be used prior to digestion), foi lowed by 

30 digest ion with s ingle-st randed, specif ic nuclease (s ) fol-^ 
lowed by size deterjsination of the digested fragHsents. 

As used herein, the tens "polypeptide" refers to a polyiner 
of amino acids and does not refer to a specific length of 
35 the product; thus, peptides, oligopeptides, and proteins are 
I'lCiuded within the definition of polypeptide. This term 
also does not refer to . or excltide post expression 
modifications of the polypeptide, for example, 
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glycosyl<*t,ions, acetyiations;, phosphorylations and t,ha lik^. 
Incixided within the definition are, for example, 
polypep-fcides containing orse or more analogues of an aisino 
acid (including, for exajsiple, unnatural asnino acids, etc.), 
poiypept.idss v;ith substituted linkages, as W^iX as; oths!?' 
sodilications known in th« art, both naturally occurring ana 
non~naturaiiy occurring. 

A polypdptiae cr ainino acid sequence "derived frcr^'* 
10 aesian-^ted rticleic rjr^d s^=;mienc*^ refers to a polypeptide 
having an aruno acid seqaence identical to that of a 
polypeptide encoded in the sequence, or a portion thereof 
isfb^srsin the portion consists of at least s-^S asii no acids, 
and more preferably at least B-^IQ amino acids , and even movB 
15 preferably at least ll-^is asaino acids, or which is iss- 
launologicaliy identifiafols with a polypeptide encoded in the 
sequences, This teratinology also includes a polypeptide 
expressed from a designated nucleic acid seqiieBCS. 

20 The protein may be used for producing antibodies, either 
monoclonal or polyclonal # specific to the prot«sin. The 
methods for produoing these antibodies are known in the art. 

^■i.ro r ja ' > * x c ■) n <. ^h(.^ car 

>^", C!>- h.^t- be«:.n urcd a<5 .r<. - p -i^*-- f-ir u e^^ 

to oU >r t-'in-.tot DNA, and xncluac tip pxm^^n of th» 

)>iQiail cell which hs^s been t anr^onaed. it is> «ra;^r*>,ooo« 

30 that the progeny of a single parental cell laay not 
necessarily be completely identical i,n isorphoiogy or in 
gf,no:nir cr t tal DNA complo lent a*^ tho or'g^ al -arent, due 
to natu -al , accident-il, or deliberate xssutation, Ex«$J^p2e« 
tftf^malian host rell^ include Chinese ha«!?!tor ovary (CHO) 

3& and monkev Kidney (Cos? cells. 

3r 5 ' u--"< <3 hcioxi, ' «11 lino' ^ e-- - ~ 

popular,ion or eel i s capable or continuous or ^rclonges 



growth and v sj-'on 3,^) xitr^, Ottcn, cell ii i>5s ase Cv^ona* 
populations d^rxv^d from a stnglt- prcacnitor r«!i:. it \6 
further known the art tt at spontaneous or x ^ducoa changers 
'tn Oi-car \as%ot^'p<? du^incr «?t'«raqit t t^^r*^-^-^^- i "arh 

iiasj tctewct to "^a^ not yn c\ dr^^t.v-^a) tc th< 

ancest^a" ' io '-srtxx aad the xl \^ xt.^oxrfd i <■ 

^i"-*Odc ^ *■ ^ -ij: a ts "^h" 'rr-'"'' 1 Ms*^" ^I'^^o T^rl der 

•! ,^hyo£„a .eii Ixtcss. or -^yb-^ K'aor -5' to '■n"v tvvc c^ U typch>. 

As UiSed herein the ter > '*nicroorganissi * o.nciude& 
prokaryotxc and suKarYotlc mxcrotoial species such as 
meter and funga, the latter inoiudinfj yeast aiid 

"Transf ormatxon" , as used herein, refers to the insertion of 
a« exogo our polynucleotide Into a host cell, irrespective 
o;:, the i^ethod used for the insertion, trt >'x:xnp^^. direct 
?0 «^take, t ^ansdnrt ion, f-isating v slsct^-oporsticn The 
exo'Tenou&N ?:^c K nrrlf^ot t if ^^ay to 5ia^-!ta> 'ca a^; a 
nr>ni m-*-*; jtr.t* ^ ..o^ fr- ^i-jrls o a<;Dn5 

alt*: na^ "a^ ^> 1 -jt? 5^ 0 u^tv. ^ ."j w^ Qsnospo. 

'*Ov.n^>)£t ) c '* I. -Tjcanl <i ool'ec-^Kn i ^ ^ t » a-* > o* 
molecules which are do -ivsid fro^ restriction ttaa-^^rzi^ i.bac 
have been dloned in vectors « 'Itiis say include ail or parr 
ot the qenetic ssaterxai ot an organisjSx 

30 By »c»HA« s nea t a conpxetsentary TtUA sequence that 
hyterxdases to a ccsjplementary strand of 0NA« 

Bv »*»urifted*» a>d ** isolated" is sjeant, when refer>-inci to & 
Cs. „ V x>^Pt ide or nuc1o<^tide sequence, that tne indicated 
> c -c { ' x'^ prescient in the rub«stant lal abe?enct-» ol other 
rsacroT?olec ox .he ^^s^e 5>:<-> The ters; 

'x->vxxi ed" aia u^ed h-^rr^^'^ pxotcxao^^, V by 

>^e^cht. nose proisralU ,^t "seast asv by v>>x<it, Tiore 
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preferably stili at least 95% by weight, and jsost preferably 
at least 98% by weight, biologic^.! macroajoiecuXes of the 
same type present Cb\Jt water, b«ff<srs, and other sTsalX 
saoleculess, especially ssolecuXes having a jnolecular veight of 
5 less than 1000, caii pn&s&nt} , 

Once th& appropriiirs s~c\iir-.< ^roqucnoo Is ir. ..Tred, ir, oan be 
expressed xx) v>=5f i<:;ty of dlfferont «sxpressXon sygt&ssu. ; £or 
•;:>ra-f3ple r.hose 'used with majmaiian cslls, baculovi ruses, 
10 bacteria, v«ind yeast* 

Maia^al ian, , Systems 

15 Haiamaiian expressiors systejss ar^ known in the mt, A 
laajsTsalian promoter is arsy DMA secsuence capabi© of binding 
jsiamsaalian mk polyiaeras^ and initiating: the downst3?ea?s {3') 
transcript tors of a coding seguence (e*g. structural gene} 
into snRNA, A proKsoter vflil have a transcription initjxating 

20 region f which is usually placed proximal r.D the 5' end of 
the coding r^equenoe, axid ;^ TATA boy, xisutilly ;ocat.eo 25-30 
base palrG i'bp) upstrcain of the trans::;ript ion initlarJcn 
site, Thfv TATA box is thoughu uo direct H«A pciyr:er;.5se II 
to begin Rr:A synthr-iPis ot f.hc v^orrf^ct iTilte, A i"-.5?isus,iie.n 

25 pror:\ote-r v,-; 1 1 .liso <,ont,ain .in upstrea^r, pron:>uer ti lt^orujut , 
usually located within 100 to 200 bp upstr«::a-r, of the TATA 
box. An upstraan'. pronioter element d^te mines tha rai;.o ^st 
vhich transcription is initiated and can act in either 
orientation (Sambrook efc al., "Expression of Clohed Genes xn 

30 !4ammalian Cells'*, ini Mol&cular Cloning: A Laboratory 
Mam^l f 2nd ad, , 19§9) . 

Masijnalian viral genes are often highly expressed and hava a 
broad host range? therefore sequences encoding taajnirsal ian 
35 viral genes pro'vide particxslarly useftil promoter sequences , 
Exasnples include the S\'40 early proB?otcr; ji^cuse r.iaii^msry 
tvui^our vira"> LTR provaoter , adenovirus: .maior late pramcter 
(Ad MXP) f and herpes simples: virus promoter. In addition. 
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sequences derived tron non-virs^I gerses, such as the iiaurine 
metal lothionein gene, also px^ovids useful proiacter 
isequences. Expression is«y Jse either constitutive or 
regulated ( inducible) , dependin^^ an th« projaoter can be 
5 induced with glucocorticoid in horistone-responsive cells. 

The pres?er:C-3 of an «;!nh-=iricer ele?!^ent (enha ncs?r) , cornbanssd 
vir.h th'=; promoter eieir.ont^a described above,, -will usually 
i.ncreau=o exp>*s>?;">ion levels. An enhancer is d requiatory DJ^?\ 

10 sequence r,hat can stisiulate transcription up to riOOO-t'old 
when linked to homologDUS or heterologoiis projr>c5ters -with 
synthesis beginning at tbe nonsal HHA start site* Enhancers 
are also acti^re when they are placed upstream® or downstreaja 
froS! the transcription initiation site* in either ftoriaai or 

X5 flipped orientation, or at a distance of Tsore than 1000 
nucleotides from the promoter (Maniatis et al > , Science, 
236t 1237, WBl i iv.ifoerts ©fe: al . , Mol^cul&r Biolog:^ of tt& 
Cellf 2nd ed,, 1989) > Enhancer eleisents derived fross 
viruses may be partJcnlarly tiseful^ because they ustially 

2G have a broader host ranv^e. £>fa;-splos include the SV-iu e-arly 
gene enhancer [Diikema ei: al., EMBO J., 4^ 7e.K .193;:;} and 
the enhancer /proFotord derived rrcr. tr\-T> 1 onq terninal repe-?-t 
{LTR) of thf- Rous SArcc-M Viras- uJoTiT^an ai o r.n"c « Mazl . 
Acai, Sr.;. rs/... C?""-, .l«8.j!:',; «nd fror> hu...an 

25 cytoneoalovi run. (Boehart c^t a.-,, CeLl, 521, 1985). 

A.dd it .ionally , sone cnnancers are r egui stsbie and become 
active only in the presence oi." an inaucer, s-ach as a hormone 
or Ks-stal ion (Sassone-Corst and Borslli, Tren<Ss Genet, 2: 
215, Maniatis al , , Science, 235i 1237, 1987) » 

30 

A t>m molecule may be expressed Intracellular ly in tnamraalian 
cells* A promoter sequence may be directly linked with the 
DHA jaolecule, in which case the first asiino acid at the N~ 
terminus of the recossbinant protein will always be a 
35 ijtethionine , which is encoded by the ATG start codon. If 
desired, the H-termiiius may be cleaved ttom the protein by 
ixi vitro incubation with cyanogen bromide. 
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Alternatively, foreign proteins can also toe secrei:e4 frdjs 
zhB cell Into the growth sseaia by creating chijseric DNA 
molecules that enco<5e a fusion prot<5!in coisprised of a leader 
sequence fragment that provides for secx"«5!tion of the foreign 
5 protein In mammalian cells* Preferably, there are 
processmq eitct; encoded bctw{^«n the Issadsr fragnient and the 
Soroign q^^r•.& that can toe cleaved either ir^ v.n^'O or i/) Wtro, 
The Xeadrr ,se>-:{uenc!-: fraarent u?iually enccdc-j d si-'gn;^! 
peptide ccn'npr.ised of hyirophoriic "jv.mo i^oid;"- vhich •uxreot 
10 the secretion of the protein troF- thy coll- The adenoviruji 
triparlts leader is an exa«?ple of a leader sequence that 
provides for secretion of a foreign protein in Tsamnalian 
cells i 

IS Usually, transcription termifiation and polyadenylation 
saqaences recognized hy mmma^liixn cells are regulatory 
regions located 3* to the translation stop eodon and thies, 
together with the promoter elements, flank the coding 
seqtienca. The 3' terminus of the Tuature mHNA is forsied by 

20 site-specific: post-trahscriptional clesvsqe find polya- 
denylation {Hirnstiftl etal,, Cell, 47; 349, ;-9=>5; Freudroot 
and White law, "Terranation .^nd end proref;r> i ng of 

eukaryotir l^iNA'S in: Tr.a;n;cri ptio:; ,-3ni Sclicmg (od«, B.D. 
Haffies and D.H. G).ovp;r), ; r-r-.-K;dr.cr.-f , rr^r;.?,- rsiccne???. 

25 Sci , , I -J; 105, IvSO; . These sscqxifences dir;uct ths 
transcription or an 5i\RNA. which can be translated into the 
polypeptide encoded toy the DBA. Exan-ples of transcription 
temiinar^or/polyadenylation signals include chose derived 
from SV40 (Sainfotook et ai "Bxpression of cloned 9=;:nes in 

30 cultured inammalian cells**, in; Moi^aular Cloning t A 
Laboratory Manual ^ . 

Sonse genes Bay foe expressed more efficiently vhen introns 
(also called intervening ssegvisnces) are present- several 
35 cDHJ^s, however, have been efficiently expressed from vectors 

that lack splicing signals (aiso called splice donor and 
acceptor u:iter-:'; (see, far exajapie, Gothing ana .^"smhrook , 
Naturm^, 233 1 629 , 1^81) . Xntrons are intervsni^tg noncoding 
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sequences vithin a coding sequence thst contain spiice donor 
and acceptor sites. They are removed by a process callesj 
"splicing," following polyadetiyiation of the primary 

t.ranBcr Ipr {NevinSj Ann^ R&v . Biochem^f 52 1 44,1, .l?#83; 
5 Green, Ann. R(sv . Genint., 20 1 671, Padgtatt ei: aJ . ^ Anru 

Rev, Biochem. 55c lili^, 1986; Krainer and Maniatis, "RNA 
ispi Icing", in: vram-cription and Splicing (eds. B,D. Hames 
exnd D . M , ^ ^ 1 over ) , 198 8). 

1.C5 Usually, the above-described ;;omponents, comprjsinq a 
promoter, poiyadenylation .-^nsnusl, and transcript: Ion 
tersaination sequence are put together into expr^sssion 
constructs X Enhancers, introns with functional splice donor 
and acceptor sitess, and iesader sequences may also be 

3.5 included in an expression construct, if desired. Repression 
constrtjcts are often laaintained in a replicon, such as an 
esctrachfomosoTOsI element {e.g., plasmids) capable of stable 
Ktaintenance in a host, such as majamal Ian ceils or bacteria. 
Mammalian replication systems include those derive:! fros) 

20 aniiaai viruses, which require trans-acting factors to 
replicate. For example, pXasmida containirq ths replication 
systsTRS ot papovaviruses , Kucn as SV4 0 iGlu".';fisrs Cell, J J ; 
175, 1981) nr po J yossa viruses,,, .c'«^-pi ii\-;?t«-5 to exuresiu-ly high 
copy rsu™.be>r ix^i presence of ';ne appropriate virs.) T 

25 antigen. Additiona.1 oxHrnples cf ^.■■.an^ri.-n. i -.'.n rt?pi.icons includtt; 
those derived f£cm bovin.-; papi lJor..5varus <nnd Epstein-Barr 
virus, .5%Ldditionaliy., the replicors raay nave two replication 
systems, thus allowing it to be maintained, for example, in 
Jaajsmaiian cells for expression and in a prokaryotic host for 

30 cloning and amplification, EKastples of such nsammalian- 
bacteria shuttle vectors include pMT2 {Kaufman et al,, Mol , 
Cell, Biol,, 9: 946, 1985) and pHEBO (Shisiixu et al . , Mol. 
C&ll, Biol.f 6i 10'y4, 1.986}- 

3S The transformation procedure used depends upon the host to 
b-s transf orrj^ed- Methods for introduction of heteroioqous 
polynuc:- -sorides into Kamssalian cells are kno^;n in tbe art 
and include dexcran-jaediated transf ection, calcium phosphate 
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precipitation, polybrene-mediated transfection, protoplast 
fusiori, el«ctr operation, encapsulation of the 
polynucleotide (s) in lipososses, and direct ssicroinjection of 
the DbIA into nuclei* 

Mamiriallan cell lino," ^v^ I) able as hosts for axprer,s:ior( are 
known in tnc- art ana ^nciude r^any iminortali;:eQ cell lines 
available frors the American Type Culture Collactioa {ATCC; , 
including but not lisntorj to, Ca:xr;e3e ha5-!';(rtor ovary (CHO) 
10 cells, HeLa ceils, foabv hasister kidney (BKK) calls, ^onkBy 
kidnay col la (COS) husjan hepatoceiiular carcinajsa ceils 
(e.g., Hep G2) , ?^nd a nussber of other cell lines. 
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The polynucleotide encoding the protein can also be inserted 
into a suitable insect, expression vector, and is operabiy 
20 linked to the control elements within that vector. Vector 
construction employe techniques vhich are known in the art. 

Generally, i:.he cosspcjnents of the expression svsren; include 
a transfer vector, ur-JuaLly b-i i i a ! njayu-Ls, wh.lch 

23 contains both a Iragment of ~ha baculovi rvis qenomo. and -.5 
convenient restriction^ slta tor inser-:,lon o;". rhe 
heterologoua gene or genes to be «;>:press&d; a v/ild r,ype 
bacuXovirus with a sequence hoTsoXogous to the bacuiovirus- 
specific fragjsent in the transfer vector {this allows for 

30 the hosRoiogous recoisbination of the heteroXogous gene into 
the baq^lovirias genome) and appropriate insect host celis 
and grovtb media. 

After inserting the mh sequence encoding the protein into 
35 the transfer vector, the vector and the wlld~typ« viral 
qeao^ie are transfected into ah insect hcst cell vhere the 
vector ntnd virai genome are allowed to reooxnbinft. The 
packaged recossbinant virus i?, {sxpress;ed and recos!s,oinant 
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plaques are identified and purified. Materials and ssethods 
for fosculovirus/insect call escpressioK systems are 
commercially avaiiabxe in kit torm frojs, int&r aiia, 
Invitrogen, San Diego, Ch, USA ("HaKB&c" kit). These 
r> techniques are ge^nerally known to those skilled in the art 
and iully described In Simmers and Sssith, Texas Agrxciiltural 
Experimep.t Station Bulletin No. 1555, ISBl (hereinattssr 
"Susmers and SiYjith'*} . 

10 Prior to insertir.q th« D>i.". se,-; j-^r,--- >'ncodin;j the protein 
into the bacult-;v ; r,.-.^ uv;..- ■ , w\<, ~c<'f.c5-^be--:] ooivponents , 

cossprising a proiroter, \-^ad«r ■ 1 1' ds^s^red), coding sequsnce 
of. interest > and transcript iors ters$ination sequence, are 
usually asse^Ebled into an intermediate transpiaeement 

IS construct (transfer vector) . This construct may contaiTt a 
single gene and operably linked regulatory elements? 
ssultiple genes, each with its owned set of operatoly llB3se«3: 
r«guiatorY eleiaents; or laultiple genes j regulated by the 
sasse set of regulatory eleatents- Interisediate 

20 transplaceisent constructs are often ajaintained in a 
repiicon, such as an extrachroffiosojsal cler^ent {s.q,, 
plasnids; capable of stable maintenance in a nou;u, :»ach as 
a bacteriujr.. Tho repiicon will have a replication system,, 
thu;- .alowanq it to be mftinr.ainsd in a suitable host for 

25 Cloning and aisplif xcatxon. 

Curre-ntly- tne most com^Roniy used tran:^f&r vector tot 
intzoducirsg foreign genes into AcKPV is pAcJ7 5, Hany other 
vectors, known to those of skill in the art, have also been 
30 designed. These Include, for example, pVL&S5 (which alters 
the polyhedrin start codon from hTG to ATT, and which 
introduces a BajsHl cloning site 'S2 basepairs downstream txom 
the ATT; se«! huokow and SUKimers, virology ^ 17: 31, 1989). 

35 The piasmid usually also contains the polyhedrin 
polyadeny i at irm signal (Miller efc al , , Anrs. Microbiol.,, 
42i 177, 19S8) and a proksryotic a)npici 11 in-resistance (arm) 
gene and origin of replication f c-r selection and propagation 



24 



U us 5 => *"> ^^-^ ^ t -> X5 f- 

q-iiv -^i t -^t c> r Xdt t j«*Cj, n « u 1 ■s 

" ^^dt ^ !-N^ ^5 ( 4 i. Its and 4 t3:ap<>-^ jjittcn 

have a second domain cdlied at eiha r^r T^hich, i p ost.nt 
1& usuallv d «!tal to the- -t urtira^ cfene L p e s-^ov ray 
either regulated or constitutive. 



stricta f*X qene^, bund ntly tran&cribM late tirtes in a 
v-ra^ X tection oycle^ £,ros.A<ie r^^rtxcnla? iy iist,tai won vf>^ 

e co!?ina +"h<- viral pol>h«?dzon pxoto^ {f> ..es^n "Th<> 

T-n No*^ S> ro * ) t1 tie aer«- 

1 r ^ prot?-j,n {\ ^^k c*e^ Vir^x , 69 



tiii i ^-^f-tcl n-'s^'^t c) -> c\3l ^'1 us prot* i h s 

"^0 -409 nativr^iv nco the* iqnaXs to j =«^'^eti r 

c<; li po tTiranslat^onai T^odif xcaixons (suU a-'i qr=il -peptide 
v-.va^agt. p ote ''lyt r ioava*|€> and pbo<3rnorv atxon; tppoa 

be lecogrsi^cd insect ceil& and th<& «siqnals required 
to €^(v-xct ot and >ucit, >- accuirn ^tion -il&o app«^a jj© 
on<i^3:v^a o*'^e«»-i ""he- invo^r^br te cells md r>rt« br^ite 
r 1 I'^f^deis of n i^ect om ^uc^-J i 1 » ». 

) i. c le V. 1 n hu"i^n >;-inv*=. < to i ^ 

\<i 1 e " ^ M ^\ ]^^^^X -ie in r i.p i.^ 
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(Letoacg-Varheyden et al., Mol . Cell, Bxol^, 8i 3125, 1988)', 
human IL~2, SJ8it,h &t si,, P.roc. i^Jiati , Acad, 5ci, USA^ 8Si 
1985), sao«se (Miy^^i^sa «jt ai * , SS; 273, 

and hujsan glucocerebrosidase (J?artin ©t ai , , Dt"^^^, 7% 
5 i9S8) , can also tee used to provide for secretion in 

insects, 

A x'ecopblnant polyp-epfcide or polyprotijin ssay expressed 
intraceliuiax^iy ot , ii it. is exprcsjsed %\'ith the proper 

iO re«\iiatory sequences, it can be secreted. Good 
int-rricel \ular expression of nonfxjsed foreign proteins 
usually requires heterologous genes that ideally have a 
short leader sequence containing suitable translatior* 
initiation signals prsceding an A-i'G start signal-. It 

15 deslr^ed, methionine at the N~teminus may h& cleaved from 
the ssat«3?e protein by «i vitro incuteation with cyanogen 
bromide, 

Alternativoly , rescostbinant polyprot^,ins or proteins v;hich 
2D are not naturally secreted can be secreted tiroiB the Insect 
cell by creating chAraerlc DK'A jTiOlsc^les th>-!t -^nccide -5 f-js>on 
protein comprised of a ieudt^r serjucnc-:- t r <cr-<. f-t thar, 
provid-is for socrotlcn of the rc-r-icsn protein \ri iny^.cty. 
':'h-r leader ^equtncv £x\i-js:tcnt. ususiiiy -'noo-:*!.^-- s iiKtn.-^l 
Zi- p-iptjae cojnprisftd oJ. hydrophobic asnino acids w'hich direct 
tno translocation of the protein into the endopXassiic 

Aftar insertion of the DMA sequence and/or the gene enccdiny 
30 the expression product precursor of the protein, an insect 
cell host is co-transforiaed with the bsterologous DNA of the 
transfer vector and the genossic DNA a£ wild- type bacuiovirus 
usually by co-transfection. The promoter and 

transcription tersnination sequence of the construct will 
35 usually comprise a 2~5kb section ot: the baculovirus genoise. 
Methods for Introducinq heteroloqous DMA into the iei-^red 
K:.t-" in thf- bacalovirus virus are known in the art (see 
Summers and SKiith, supra; SKsith ec ai - , Mol . Cell. Bioi . ^ J; 



3156, and Luckow and Su^raa^ers, supra). For exarSiplo; 

tbs Insertion can b<a into s g®ne such as the polyhedrin 
gene, by hoiKoiogo\JS double crossover recojnblnatlon? 
insert-iorj can also b& into a rsstriction enzyme site 
5 engineered into th£.> de;3ired baculovirx^s gssm (Miller ai . , 
Bio^ss&yss^ 4: 91, 190^). The DHA seq-uenco, when cloned in 
place of the. polyhcdrin ssene. in tho ^:>rpret~s i on vsctor, is 
flanked bot.h 5' and :J* by polybedrin-speclfic sequences and 
is positioM^sd iSo^nstr^asa of th^ polyJ^odrin prosioter. 

10 

The nevly rorsff^d b-aculoviras expression vector is 
stjfosequentiy packaged into an infectious recojsbinant 
foaoulovir^js y Homologous nscombinatiors occurs at low 
f refiu-fenc'jf (between about 1% and sibout 5%) ; thus , the 

IS majority of the virtis produced after co-^transfection is 
still wild-type virus, Thferfefore, a ^fetiiod isi necesisary to 
Idesntify recoiabinant viruses* to advantage of the 
expression syst^sin is a visual screen allowing reeossbina^it 
viriises to be distinguished- The polybedrin protein, which 

20 is produced by the native virus, is produced at very high 
levels in th;5 nuclei of infected ceils at latft tl;"es after 
v1r?5'l ini-ectlon, Acc\5:T.ular=-::d no j vhsrs-Jr in protein torsiss 
occlusion L)odicr> thai: also coni^ain e55-J:.-ecid4:d particles. 
These occlusion bcdi<r:S. n;: to iv >.i(': \n i?.xze, are highly 

25 refractiie, giving thes=5 a bright shiny appearance that is 
readily visualized under the light, microscope. Cells 
infected with recombinant viruses lack occlusion bodies. To 
distinguish recojsbinant virus from wild^-type virus, the 
trarssf eotion supernatant is piaqued onto a Jnonolayer ot 

30 isisect cells by techniques known to those sJciXled in the 
art, Namely, the plagues are screened under the light 
itjicroscope for the presence (indicative of wild-type virus) 
or absence (indicative of reooisibinant virus) of occlusion 
bodies {Ansubel et al . (eds,), "Current ProtocoiiS in 

35 MicroijioIogy'V '^oi, 2 at 16.8 (Supp. 10), 1990; Sumxaers and 
.Ssjith,, supra; f-'liller ©t ai,, supra). 



Recombinant feaculovirus eispresBisn vectors, have been 
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developed for ,in£ection into seves^ai Insect ceils. F<Sr 
©xassple, recoxsibixiant baculoviruses have been c3ev«sicsp€id for, 
inter alia, H&asB a&gyptl) Autographa cstlxtornica, Sombyx 
morif Drc>"ophila 33?e'ianoga;stor, Spodoptetra £rugxp&rda , and 
5 Triahoplusia ni (PCT Pub, Ho. WO 89/046699? Ccttboneil er 
J, X'it'ol,, 56: 15>3, 1985? Pifrigh-t, Nature, 321' 7iS, 
1986; Sjsith s.-t: a.?.. Mo}. Coll. Biol ~ , :n 2156, :l<>S3; ^rid see 
generally, Fraser, &t ai., 1x5 Vitro Celi . Dev. Siol . <■ 25 c 
225, 19»:§), 

10 

Cells and ceil culture media are commercially available for 
both direct and fusion expression of heterologous 
polypeptides iti a toac^lovirus/expression system; celi 
cuXtisre technology is generally known to those skilled in 
15 the art fsoe, e.g., susttmers and SJsith, supr&) . 

The lasodified Insect cells ^say then fee grown in an 
appropriate nutrient mediuxs, which allows for stable 
maintenanrc? .->f r,he plaswid(s) present in the modified insect 

ao host. Where the expression product gene is; under reducible 
control,, the host way be grown to high density,, and 
expression induced. Alternatively, vhere expression is 
constitutive, the product v<'ili be cent inx^oosiy expressed 
into the sricdixis and the nutrient r-ied.;\r:;i 'v.u-r>t b^-' cont mx-o-usiy 

25 circulated, while re^-i^-ovinq the proa\3ct of jnuer-i-st knd 
aug)i\ers.t mg depleted nutrient;;.. The yn-oducr, k'.>^y re purified 
by such techniques as chromatography, e.g., HPLC, .hSiinity 
chromatography, ion exchange chrojsatography, stc> ; 
electrophoresis; density gradient centrifugation; solvent 

30 extraction, or the like. As appropriate, the product jaay be 
further purified, as required, so as to rejsovo substantially 
arsy insect proteins which are also secreted in the sjedium or 
result from lysis of insect cells, so as to provide a 
product which is at least substantially free of host debris, 

35 e>g. , proteins, lipids and polysaccharides. 

iT: order r,o obtain protein expression, reco:?-Di n^nt host 
cells derived f rors the nransf ormants are incubated ursder 
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conditions which siiow expression of tho tecojubmant proteih 
encoding sequence. Tbsss conditions will vary, dispsndent 
«pon the host cell seiacted. Hovifev(5>£ < tb!"; conditions are 
readily ascertainable to those of ordinary skill in th« art, 
5 teased upon what is known in the art. 

X i X , Bacter i^^ i Systems 

10 Bacterial expression t>=chr.uiue=-^ are kno^s'n in th-s art, A 
bacterial pr!-.«-!ot--j is any DNA sequence capable of binding 
bacterial RJjA poivmerase and itiitiating the downstraatii {3") 
transcription of a coding sequence (e.g, structural gerse) 
into ffiS^A, A promoter will have a transcription initiation 

IS region which is ueually placed proxisaal to th<e S* end of fefee 
coding aegaence, ^his transcription initiation region 
usually inGludes an ENiK polymerase binding site and a 
transcription initiation sitfe, A bacterial proisoter ssay 
also have a second doTsain called an operator, that ssay 

20 overlap an adjacent Rrm polyaserase binding site at which RNA 
synthesis begins. Th?; operator persdts r:<^>xstivc- regulated 
inducible) trjinycr jipt.ior a^^ -i ci«-^n-.-^ repressor pror.-rin ?nay 
bird thi^ operator arv,:; thcrer-y mhibiu tran.^-cription of a 
-ipovitic qene. Conf t; i tut i v-- !?>rpr--5S5sion maY '"^'Ccaxy in r.h& 

25 abK--3nc?> or negative regulatory eleiRents, such as the 
operator. In addition, positive regulation jsay toe achieved 
by a gens activator protein binding sequence, which, if 
present is usually proxiisal {3'} to the RKA po iys^serase 
binding sequeuce. An exasiple of a gene activator protein is 

is the catabolite activator protein (CAP) , which helps initiate 
transcription of the lac operon in E, coJi (Raibaud et ai . , 
Ann. Rev, Geiset,, 18t 173, 1S84) . Regulated expression may 
therefore be either positive or negative, thereby either 
enhancing or redacing transcription. 

35 

Sequences encoding ssetabolic pathway en^yiuea provide 
particularly useial pronsoter sequences. Ey^r«p,le.;; include 
proBKiter sequences derived froja sugar i-setaboi.iKxng enx^yriies, 
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such as galactose, lactose (lac) (Chang et al,, Natnrm, 198 i 
10S6f 1977) , and maltoses , Additional esx*ajaples include 
prosBoter sequences derived froxn biosynthetic ©nzyujes such as 
tryptophan (trp) {Coeddel al . , Nuc . Acids Hes., fit 4 057, 
€ 1930; yelverton et al . , Nuc. Acids i^as;,, i?; 731, IhS, 
Pats:nt No, 4,7;;s,"f2i; and EPO Pxsbl. Nos. 036 776 and 121 
776). The q"laDr,a;rsas!-:r promoter systers ('Weissmsnn, 

"The cloninq of .1 r.t.^srf eron and otlier isistutfces" , in; 
I,*itort'erori 3 (e.d^ I, Gresser) , ?, 98?!.) and bs=5Cteriopn.sge 
iO lajnbda PL (Shimatake et aJ. , , tVatrjro, 292 i i2S, 1981) and T5 
(U.S. Paterst tto. 4> 689^406) prosioter systessB also provides 
asaful promoter sequences, 

Irs additiori^ synthetic promoters which do not occur in 

15 nature also function as bacterial promoters. For example, 
transcriptiors activation sequences of one Isactsrial or 
bacteriophage proisoter may be joined iwith the operGn 
s«qt3«?jc©s of another bacterial or feactoriophage promoter, 
creating a synthetic hybrid prosioter (U.S, Patent 

20 Ho. 4,551,43.1). For exaitiple, the tac prorrtoter is a hybrid 
trp~lsc proTsoter comprised os: both trp pro«-oter and lac 
opsron r.ftq-i<!!ncgis=i that is regul-st.ed by t.hn lac repressor 
(^,5Rann ft ai . , GersB^ 167, Boer ec. al . , Prcc. 

Nat';. Ac.-^d . yci , ::SA.~ SO: ,> .1 , i «<-:."!), rurr ho vr;;-..,r- , a 

25 b«ctori.a,l promoter o-an incJjdf natural; y occ-.;rr i nq pro;^icr...::r."; 
of non-bacter5.aj. or .^nin i.nat have the afci.Uty "o b-r^d 
bacterial RNA poXViVierase and initi,:itc tra,(i3cr ipt ion > A 
naturally occtirring pro5«oter ot non-foactorial ori<:?in can 
also be coupled with a cosnpatible RKA polymerase to produce 

30 high levels of e5fp.regsion of sosse genes in prokaryotss- Ths 
bacteriophage Tl: miA polymeras«-/pro»oter !sy§tem is an 
exajaple of a couplea promoter system (Studi^r efc al , , J, 
Mol. Biol., ISP; 113, 1986; Tafoor et al., Proc. Natl, Asad, 
sci, USA, 82t 1074, 1985). In addition, a hybrid proiaoter 

3S can also be comprised of a bacteriophage pros-oter and an 
A, scoii operator rssgion ^EPO Pub2 . lla. 267 8-51), 



In addition to a functioning proujoter soquencs, axi e£~f .icient 



rlbososse birsdlng site is also useful for the expression of 
foreign genar, in prokaryotes. In E. coli, the ribosojae 
bixvdinc? sit.e is called the Shlne-Dalgarno (SD) sequencs and 
-inclaaes an initiation codon (ATG) and a sequence 3-9 
^ rmcleotides; in ier.qrh j oca ted 3~li nucleotides upstreajs of 
th« .initiation codoa {Shine et §i , , feature,, 34, ip-vjjj , 

The SD saquenctv is thougm to promote bindi^v:? oj: faRMA to the 
ribosovne by the paiiincj of bases between the SD sequence and 
the 3' ^sn-l ot con 16S rRr^A (Stoitc;. al . , "G<;.n&cic 

10 signals cind nucleotide sequfsnce^? in messengor KHA" , xnj 
Biological Regulation and Dev^J opxe-it : Ce:ii- Exp^'^&s-lca (ed, 
R.F. Goldbergsr), 1979), To express eukaryotic genes and 
prokaryotic genes with weak ribosojse-foiftding site (Bambrook 
et ai. , «Ei£pression of cloned geness irs Escherichia coll**, 

15 ±nt Molecular CloMimi A Lai>oratoty M&nual, i^BS) , 

A siolecuie may be expressed intraceliularly, proiaoter 
seg^snce ssay be directly linked wxtb the mK xaolecule, in 
which case the first axsino acid at the N-t^rjainus will 

20 Qlway?: be a ssethionine, which is encoded by the ATG start 
codon. Jf dssi,red, ir-ethlonine at the ?<f~t<:>r»i nus tsay foe 
o leaved Sroir, the protean by in vitro inrub-it^on with 
cyanogen broaide or by eitheir in vivo on in vitro :s.nciibation 
a bacterial methionine H-tsrissinal peptidase (SPO JHjbi. 

25 No, 219 237) - 

Pwslori proteins provide an aiternative to airect; expr. esse^on. 
Usually, a DKA sequence «5ncoding the N~tftr«.,inai portion ol 
an endogefto\3S bacterial protein, or other stabie protein. Is 

30 fused to the end of hetarclogous coding sequences. Upon 
esspression, this construct will provide a fusion of the two 
a^Bino acid sequences. For exassple, the bacteriophage lambda 
cell gene can foe linked at the 5» terminus ot a foreign gene 
and expressed in toacteria. The resulting fusion protein 

3':. pr-;:tK:rabiy retains a site for a processing enzyme {factor 
Xa} to cleave the bacteriophage protein frora the for-; ign 
<:jene (NaoAi , , N^iture, SG9i 310, 19{^iK Fu-nion 

proteins can also be made with sequences fross the iacS (Jia 
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&t ai,, a&n&y c>0- 197, .1987), trpE {Allen et ai . , J, 
Biotechnol.^ St 93, 1987; Makoff et al,, J. Cen. Microbiol., 
135i 11, 19895, and Ch&y (EPO Pubi. Mo, 3S4 647) genes, Tii® 
DNA sequence at tha junction of the two amino acid sequences 
5 may or sn-sy not encode a cisavatols sits;, Iknother example is 
a ubiquitln fusion protein. Such a ftssion protein is i«ade 
vith i:he. ubiquitir; region that preferably retains a site for 
a processing enrvi^^^; {e,9> ubiquitin specific processinq- 
proteasm^ to cleave tne ubiquitm ttcna the forf^lqj^ pr i, n , 
10 Through this rasthodj native foreign protein can be isolated 
(Miller ©t; ai>, Bio/T&chnology 7:5 §98, 1989), 

Alternatively j foreign proteins can also foe secreted from 
the cell by creating chijseric dna molecules tHat encode a 

15 fusion protein comprised of a signal peptide sequax^ce 
fragsterit that provides for secretion of the foreign protein 
In bacteria (U.S, Patent No, 4,336,336), The signal 
seguence fragment tssually encodejs a signal peptide cojRprised 
of hydrophobic amino acids which direct the secretion of the 

20 protein frots the cell. The protein is either secreted into 
the grou'th ffi'?did (grarsv-posit iv<> bacteria) or into the 
periplasmic ripac-v, located betv/r-ien the innsr and outer 
inesnbrane oi the cell ia.r&r<^-)-)x'.-u=-^t:\>^: baccerias , Preferably 
uhere csrs'?. procesr.:! tv:; s^U" s- y , which ccsn be .;ls<ived e.3ther in 

25 vivo or m vitro encoded between the ^signal peptide uragssent 
and the foreign gene. 

DNA encoding suitable signal s«rricr.o-v;. r^n j;c d-:?rived Iro^n 
genes tor secreted bacterial prote.2ns, sxich tr.e roil 

3D outer membrane protein gene {ompA) (Masui et al.^ inj 
Exp&rim&ntal MAnipulation of <$ene Bxpr&ssxon, 1983? Ghrayeto 
et ai,, EhSBO J,, 3: 2437, 1984) and the E. coli alkaline 
phosphatase signal sequence {phoA} (Oka et ai,, Prac. Natl, 
Acad. Bel. USA, 82 1 7212, 1985) > As an additional exastple, 

3S the signal sequence of the alpha-axsy lase gene from various 
Bacillus strains can be used to secr&t^.- heterologous 
proteins frori B- £;?.sis£ iii;^ (Paiva et ai , , Protr. .vsti. Acad < 
Sci, USA, 791 5582, 1982; EPO Publ. Ko. 244 042), 
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Usually^ trarsscrlption terjsination sequences recognized by 
bacteria are regulatory regions located 3* to the 
transiatlcn stop codon, and thus together with the projaoter 
5 liisnV; tne codiriQ sequence. These seqiieBces direct the 
tj^anscripcicn of nn iv>RN.s, ?v\^iich can ba translated inco the 
polypeptide encod&d ,by the DHA, Trar.scr ipti on terj^iinat-ion 
saquenceu frequently Include DNA ^sequences of sbout, :;o 
nucleotides capabXc ol ior^sinq stem loop fntructutes that <=^id 
10 in tersranatirKj trnnr>r;r aption. Exarr^ples; incUsde 

transcription terniixjation sequence-/, acriveu £'ro5>^ qsnes with 
strong pirosjoters, such as the trp gene in E, coli as veil as 
other bio synthetic gesnes, 

15 Usually, the; afooxfe described components, cosaprisihg a 
promoter, signs! sesjuence (if desired)^ coding sequence of 
interest, and transcription tersiinatxoii seguence, are put 
together into expression constructs. Expression constructs 
are often Tsaintained in a replicon, euch as an 

20 extrachrossosomal element (e.g,, plasitslds) capable of stable 
laaintenance in a host, such as bacteria. The replicon will 
have a replication system, thus alXowing it to be aaintaix^ed 
in a prolraryotic host either fot- expresssion cr for cloning 
and ampliiicovu ion. in adrtition, repl K7on m^y Le either a 

25 high or lo^\- copy nu!?):-er piaSiirid. A hlqh o;jpy nu-Tsber plas-nid 
will generally have copy r/vusber rrinqing Iroff; about 0 to 
abotit 200, and usually abouc 10 to about, 1%0, A ho:;;i: 
containing a high copy nuinfoer piassnid will prefs-rafoly 
contain at least about 10, and more preterabiy at xeast 

20 about 20 plasxsids. Either a high or low copy nunOser vector 
sjay be selected, depending upon the effect of the vector and 
the foreign protein on the hositx 

Alternatively, the expression constructs can foe integrated 
35 into the bacterial genorse with an integrating vector. 
Integral incj vectors usually contain at least one sequence 
hor,soio90u^=; to the bacterial chrotsosojse that allows the 
vector to integrate. Integrations appear to result frois 
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reco^sfolnations between homologous DNA in the vector and the 
bacterial chroiRosome , For exaaipie, integrating vectors 
constructed with DHA from various Baciilusj strains integrate 
into the Bacillus chrosjososae {EPO PtsbX. Ho. 127 32S) . 
S Integrating vectors Tsay also be cossprised of bacteriophage 
or transposon sequences, 

Usud i 1 y , eztrachroa$Dsojtt,5 i ana i n tegra I iny express Ion 
coHi-tructs^ nu'jy contain selectable iTiSr^srs to aSlrsw ^or ehe 

10 selection of bacterial retrains tluit havy been transf.Gr!r:ed , 
Selectable jsarirssrs can be expressed in the bacrrjrial host 
and jaay include genes which render baicceria resistant to 
drags such as aBipisil.Xin> chloramphenicol > erythroiaycin, 
kanamjfcin (neo^aycirj) , and tetracycline {Davies &t ai>, Min, 

15 i?ey, Microbiol.^ 32 1 469, 1978). Selectable isiarkers ^.ay 
also include biosyntbetlo genes, such as those in the 
histidtne, tryptophan, and lejicine biosynthetic pathways. 

Alternatively, soiue of the above described components can be 
20 put together in transformation vectors. Tranef erjisation 
vectors are usually cojnprised of a selectable jasarker that is 
either maintained in a replicon or developed into an 
integrating vector, as described sbove, 

25 Exprf=;ss-.ion and transformation vectors^ --ither e>.tra- 
cbromosoT-ial rep 1 icons or .inteq raring voctors, have been 
d«v<Mop«;d :^"or -cransf oriaation into m^ny bacteria. For 
escansple, expression vectors have been developed ^or, Later 
alia, the loliowing bacteria; a, sabtilis (Palva er ai > , 

30 $^roc. mtl~ Acad, Sci. USA, 79 1 55B2, 1982; EPO Pxsbi . Mos, 
036 259 and 063 953; PCT PUbl , Ko, m §4/04541), &\ coll 
(Shimatake al., mtur&, 292% 128, 1981; Amann et al., 
Gm-i^, 40i 183, 1985? Studier et aj . , J, Mol , Biol,, 1B9% 
113, 1986? £P0 Publ. Nos, 036 776, 136 S29 and 136 907), 

:ss 5trepfcococcL's cremoriB (Powell ot ai., kppl . Environ, 
HlcrGbiol.^ 54 1 1SS8) ; Streptococcus lividam" (Povfeil 

et ai., Appl. Environ, Microbiol., 54: -^^rL,. 1938), and 
StrBptomyc^-s lividans {y,s. Patent No. 4*745,056) > 



ar<^ w*:" j i-^nown m the >A^t aT^(? usually ^lU I *dc e-^thtr the. 

*r J ■^tci.r^t <" r if I act£?t t^o^ttd with ^aCl '^t\ x 

fit calion<=, n1 liS^ r^m ^ > ^ »e 

J -.^^ ^ ^ xi I; , r > c*- t u 

, iroc Nati Acad 5<r*^. His^i 0* 856, v»an^ <f^f «^ 

J Sacterxoj. , 173* 94^, ■"90(3 {Ca^npy i -^bisctsx ) , Cohen «*r , 
Procr, i?ati, Acaa. <srci, OSr^> €9t 2110, 1^73; Dower et al,, 

ffiethod for transtorisation of .Esan&rxchx& as>li with ColEX'- 
derives^ pl^smid*^*% in Ct-^etic Enaj.n&&ring Procecdxnqs o£ 
th& Intei national '^y^posium (^op&txc EpQi^^e^-m" i*->a«- 

in e-i o o w * oe'^e'*- ^ ^ fcx "-^ H\ d t 5 ■> 

TU), l«'8'^, periy or I'»xe^,- f<J!isi»r ^ ^2 i-^i-^ 

lowcll Bi, al,f hppl £,yv >oi i^i-^ToMox ^4 l)u 
^omKUti aj.,, '^roc 41*3 Par ropc ^iiotect^r^ioqv^ l 41 
1 § S 7 [ fcre Ejr;ocGccu^ 1 ) . 



^^•T:3st. expr«r:r>ffiiGn syatejns are also known to one of ordinary 
iTkill ir. the ax-t . A yeast promoter is any DKA sequencs 
capable of foindinq yearst. RKA poiymerase and initiating the 
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dov/nstreasi (3*) t.ranscr.lption o£ a coding sequences 
structural gen^) into .aRKA. A proisoter will have a 
transcription irsitiation region which is usually piac«;d 
pro5^i)^^<ai to the 5' end of the coding sequence , S'liis 
5 tr&r.scrXption initiation region usually includes an I^MA 
poly^^^sirasu: bindin'-s i-.it'? {t.;-K«- "TATA Box") and a transrcript ion 
irsitiacion site, x ycixr; rroinotsr j&ay also nave a second 
dora^in caiied au 'upstroa® ao'tivator saqiienc-^ (OAS),, which, 
if presertt, i.H 'a-xjaiiy distal to i^hs- suructura;! qene. The 
10 UAS psrsnits re.i:ja.lated (inducible; express .ion. Constitutive 
expression occurs in the abs-f^ncc oS a UAS. RoaxKirited 
expression ssay be either positive or negative, thereby 
either enhancing or reducing transdription. 

15 Yeast is a ferjsent.ifsg organi&ss with an active js^tafoolic 
pathway^ therefore sequences encoding eiispnes in th« 
laatabolic pathway provide particularly useful proiaoter 
sequences. Examples include alcohol dehydrogehases (AtM) 
(EPO Fuhl, 2S4 044), enolase, glucokinase^ giudose-6~ 

20 phosphate isosserase, glyceraldehyde-S-phosphate- 
dehydrogenase (G.J\P or GAPDH) , hexokmase, 
phosphof ructokinase, ^-phonphO'^My cerate rLUtas'-, arxi pyruvate 
l^inasc (PyK) <EPo Publ . Ho- 3?<> 203). The yeast PHOS gene, 
■5 n CO. -sine; acid pnosph-^staf-.^^, .-iisc provid^-s asefuj. promoter 

2Z sequences (Kyanohara ai . , Proc, Natl. Acad. Sci. USA, 
80 i .!> 1983) . 

In addition, synthetic pronsoters which do not occur m 
nature also fisnction as yeast prossoters. For exd;npie, OAS 

30 sequences of one yeast proasoter may foe joined with the 
transcription activation region of another yeast projsoter, 
creating a synthetic hybrid promoter. Examples of such 
hybrid promoters include the ADH regulatory sequence linked 
to the <3AP transcription activation region (U,S, Patent Nos, 

35 4.876,1^? and 4,880,714), Other exasipies of hybrid 
pro:noter<; include promot^^rs^. which con.-ist -^i' the regulatory 
.^^•-q = ;cncss r: mother the MmZ. CAL-l, •'Al^:-^ i^ucb genes, 
co.'abined with the trans;cr.ipt.ionai activation re<jiors of a 



giycolytxc en^-^jse aer«- ->uch ^ cs {IhO PuM Ko, le*. 

o^an rxnq promoter"^ of non ye'ist c •'Ciin th t Havt tb^^ 
itv tio bind v€?ast l^H^s^ j^olyjre as^ and *ri,tXvXto 
c tpt on, Exanpl<»& of such proTPoters include 
i (. che" fe? ' t ■^'v Nat^ Acaof nci f ■> "> 

Ke'-^wtr n>^" enf^'- r -i \ u > < u 3 

(ei.<^ K ^mst ■» J \ runi<-i5 J9" Men t,rax<~ u '^t Ici e 

a DHA molecule may be expressed iritraceliulariy in yeast;. 
A prpxaoter seqxisnce jaay toe directly linked vith th& DHA 
jssolectJle, in vfeioh case the first aitiino acid at the N- 
ters8in\js of. tbs recossfoinant protein vili alvs^ays be a 
jsethionine, which is encoded by the ATG stas-t codon> If 
desired, ©ethionine at the H>-terminus mby be cleaved f rojs? 
the protein by in vitra ineubation with cyanogen bromide. 



25 FxiBion proreins provide arj aiternatjv^ tor y^awt expression 
systexsiS, as. weil as in ^amma.} icivi, i>?tcu.ioviru;:. 3?-id bacr.eriai 
expression systesss^ Usually, a DNA sequeiic^^ encodinc; rhe 
rerminal portion of an endogexjous yeast protein,, or othar 
stdbXe protein, is fused to the 5' end of heterologous 

39 codiiig sequences. Upon expression, this construct uill 
proyide a fusion of the tvo amines acid sequences- for 
exassple, the yeast or hti^an superoxide dis^utase (SOD) gene, 
can be linked at the 5' terminus of a foreign gene and 
ex^sressed in yeast. The BHh sequence at the junction of the 

3S two a^ino scid sequences may or isay not encode a cleavable 
site (see, e,q. , EPO Pubi, No, 196 056), Another example is 
a ubiquit-rs fuslcr: procein. Such a fusion protein is saade 
with the ubiquitin region that preferably retains a site for 
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a processing enzyme (e,g, tibiquit in-specific processing- 
protease) to ciaave the ufoiquitin from the foreign pjrotein. 
Through this sjethod., therefore, native foreign protein can 
be isolar,ea (see, ^.g. , PCT Pufoi. No. WO 88/024066), 

Alternatively, .forii^ign proteins can osiso be secreted f>rosi 
tbii: ce3,;"t xVitA'> t^ie growth media b\ n-oar : ohi-veric DJsA 
jiioleculas tj-at encode a fusion protcir; cojsprJ,ss:d of a leader 
ssquence fraga-ent that provide for secrs^tion .in yeast cs£ Lhe 

10 foreign protein. Pr«^ferably, there are processing sites 
®ncod«?3 between the leader fragment ard r.he roreigxi gene 
that csan be cleaved either in vivo or vitro. The Isacter 
saqfuence fragjsent usually encodes a signal peptid® comprised 
of hydrophobic amino scids which direct the secretion of the 

15 protein trtm the cell> 

DKA encoding stiitafoie signal sequences can fee derived ffojss 
genes for secreted yeast proteins, such as the j&ast. 
invert as© gene (EPO Publ, Ho. 012 873; JPO Fubl. No. 
20 62,096*036) and the A-factor gene (U,S. Patent No. 
4,58B,684). Alternatively, leaders? c-.f non-yeast origin, 
such as an interferon 'jeader, exist that also provide for 
secretion in yeast (SPO Publ , Nc, o-'io o=S7;. . 

2 5 A preferred class of secretion leader;-, are tho;i.e that employ 
a fragment of the yeast a ipha- factor ge.ne , which conr.ains 
both a "pre'- signal sequence, and a "pro" region. The uypes 
of alpha-factor ,tragr>ents that can be employed include the 
full-length pre-pro alpha factor leader (about 83 ixtxclno acid 

3D residues) as well as truncated alpha- factor leaders (usually 
about 25 to about so asiino acid residtjes) (U-B. Patent Nos* 
4,S46,083 and 4,870,008; gpo Pufol. No, 324 274). Additional 
leaders etsploying an alpha-factor leader fragment that 
provides for secretion include hybrid alpha-factor leaders 

35 »ade with a preaequence of. a first yeast, but a pro-region 
from a second yeast alpha-factor. (See, e.g., PCT Pufoi, No. 
mo so/ 02 4 63) . 
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Usually, transcription termination sseguences recognised &y 
yeast are regulatory regions located 3' to the tjranslatiors 
stop codon, and thas together with t.h« proTsoter flank the 
coding sequence. These sequences direct the transcription 
5 of an 5i\RNJi which can be translated into the polypeptide 
encoded by the DNA. Exatnple-^ of transcription tsi-rinator 
sequence and other yeaa r.~ recc-qni ?;ed te.r~,ination uiequences, 
such as tncse codinc? tar glycolytic enxyisey, arfc veil kuovn, 

10 Usually., the above described eotsponsnts, coitiprising a 
projaoter, i<feader (if desired},, ooa:;xig acquenco of interest, 
and tratiscription termination sequence, are put together 
into expressiofs constructs. Esfpre^sioh consttructs are of t«n 
maintained in a replicon, such as an extra chrofeosoisal 

IS eisiaent (e,g- , plasmids) capable of stable mainteftahc© in a 
host, such as yeast or baeteria. The replicon ^ay have two 
replie:ation ^y^tems, thus allowing it to foe ssaintaihed^ for 
esfampie, in yeast for expression and in a proKaryotic host 
for cloning and asaplif ication. Essaitiples of such yeast- 

20 bacteria shuttle vectors include YEp24 (Botstein, et al., 
aene, 8t 17-24, 1.979), pCl/1 {Brake, et al . , Proc. Natl, 
Acad. Sci> USA, 32 i 4642-4646, 1984}, and YRpl7 ( Stinchcojtib, 
&t al., J. Mol. Biol., 25S: 151, 1982}, Ko addition, a 
replicon rriSy be either ^5 high or lev? copy nmi^ber p .i S5i^ a e, 

25 A high copy nusr.ber plasKid wiU. cs-neraaly have a copy nu^nber 
ranging Ero-'i about 5 to about 200 < and usuaiily .sbout 10 to 
about 150. A host containing a high copy nnrnfoer piasaud 
v?ill preferably have at least about lo, and more preferably 
at least about 20 « Either a hi^h or low copy nussber vector 

30 isay foe selected, depending upon the effect of the vector and 
the foreign protein an the hosit (see, e.g. . Brake efe ai , , 
supra) > 

AXternat^ivelY, the expression conp^trucr^. can he integrated 
J 5 \nto the yeast qenotpe with an integratinq x-'ect or. 
I"t<_qratinc vectors ut^ualiy contain rt < cau* nt p 

iO coi^ous to vi yeast chromnsone that tjllc*- t.\e vroto) to 
'Ot^^giate, and pieie-ab'v conta.^--j tvo hoisciogous sequence- 



flanking the expression const.rts.ct> xnt«;gratioj^s appear to 
result frosR recombinations between hossologous DNA 1t) the 
vector and the yesast chrojsosoiae (Orr -weaver et ai , , Methods 
in Enzymol,^ iOli 328-245, 1983) . An integrating vector tnay 
5 h& directed to a specific iocus in yeast by selecting the 
appropriate hoit?oloqoua sequence for incl^ision in the vector 
(see Orr-Weaver et a.I . , mipra) , One or ssore expression 
constructs may I ntiHsrate, possibly affecting .l^^vels ot 
recOi^Urslnant protein produced (Klne et. . , P.roc, A^atl « .Acad, 

10 Sci . USA, SC: 'S7:^-J, 1-983). The chrojr.csoitial sequsncas 
included In r.riTS vector car; c>c^-ar elthf^r as ~i ?.;5.ngie rjegjtsent: 
in the vector, which results in the integration of the 
entire vector, or two segments hotaologous to adjacent 
segments in the chromosoiae and flanking the expression 

15 constrxjct in the veetor > which can result in the stable 
integration of only the esjpression constraet, 

tfsualiy^ ©KtraGhromosomal and integrating expression 
constructs may contain selectable ma.rkers to allow for the 

20 selection of yeast strains that have been transformed. 
Selectable markers jTiay include blosynthetic genes that can 
be expressed in the y«asfc hose, such as ADE2 , mB4 . I:EU2 , 
XEEl, "Hd Al;£7 , and uhe G-1 rcr- i -:,r -^ncs gene, which confer 
re s i 1 a c e ■ n ^' c 3 s- c o : 1 s v, o t, u n i c ariv c i r. j -j d 4 1 3 , 

^5 respectively. In .=i;5d 1 1 ion, ,^ f$-..;it3biy ^-^---l-ct-.ibl^; j^^arker Ti^ay 
also provides yeasr voitu the 'Ability to -^row in th<;- presence 
ot! toxic compounds, sy^ch as -netal, for example, the 
presence of CJJ£1 allows yeast, to 'p'o',.- in the presence of 
copper xons (Bxitt et ai , , Hicroblol. /?ev,, 5.1: 3b l , 1937 j , 

30 

Alternatiyely , some of the above described component b can foe 
put together into transformation vectors. Transformation 
vectors are usually cojsprised of a selectable ssarker that is 
either ajaintained in a replicon or developed into an 
35 integrating vector, as described above. 

Expression and transformation vectors, either 
eKr,rachroisosofeai repl icons or xntegratinq vectors, have been 
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developed for transforation into snany yeasts. For e^xampl^, 
expression vectors have been developed for, inter alia,, the 
following yeasts; Candida ^IMcanB {Kiirts «t ai,, Celi. 
3lol., 14;>, 1986), Candida maltose (Kunze st J. 

5 Basic Microbiol.. J5: 141, 1$85>) , H.^n00nul^ polysnorpha 
(Cieeson et ^5.K , J. Gers. Microbiol, . 132t 3459, 198G; 
Roggenkasnp e-t . , Afoi . Gen. ^Venet-^ 202 i 30l\ .l^^s^S) , 
Kluyveromyciii.';^ txagilis (D&b ct al . , J. BactBrioi . , ISBi 
1165, 198-1), Kluyvfii-omyces laotiy (De Louvenccourt et al , , J. 

iO Bacteriol,,, 154 i 737, 198 3; Var. den Birr« et aK, 
Mo/Tec/3iJoiog>v S; 135, 1990), 5>ac.Mvi cuiiierarTonJ;;- {Kvin^e 
etal., J", BaBic Microbiol . , 25 i 141, 19S5) , FicMa pastoris 
(Cregrg et aX., Hoi, Cell. Biol,, 5i 3376, u,s. Patent 

Hos, 4,f?7,148 and 4,929,555), Saccharomyc&s a&rmBia& 

IS {Hinnen et si,, Pr&c, mtl. AcaS. Sci, USA^ ?S; 192§> 

Ito et ai,/ Bact&riol.^ isit xm, 19S3), 

Schi;sro«acrcfi3siroJi?yc^s pombe (Beach and Nuts'©, W^tur^/ 300 x 
706, 1981), and ^arrcMiM lipolytica {Davidow: et al . , Ourr, 
G^net., 10% 39, 19S5; Gaili^rdin ai,, Cvsrr. G&net,, XQ: 

20 49, 19 SS). 

Methods of intrcducmc? exogpsnous DNA into yeas^t boosts are 
wel l~V'nown in the art, and usually inciudy either the 
o-:-mat, Jon of spheroplast,s or cT ii-^ict yeast ot^lis; 

25 created with alkali cstions. Trar.f; forfc.-!. ion prucsduras 
usually vary vith the yes^-t -.pecies to be tran-.tormed (see, 
e,g,, Kurtt&tal^, Mol. Cell, sxol.„< t-^i ia::, J.9<^^s? Kunue «t 
al., J, Basic Microbiol,, 25: 14 1, 198 5 lCand:.c^s], ;.-loei;;on 
et ai., J. to- Microbiol,, 132 1 3459, X98f>; Rog9enka5?5p et 

30 al,, Mol, G0n. GBiiBt,, 302, 1986 lEansenula] , Das et 

al,, J, Bacteriol., 158% lies, 1984? De Louvencourt et ai,, 
J. Baatmriol,, 154i 737, 1983? Van den Berg et aK , 
Bio/Techriology, 8; 135, X990 (Otjyverosfyces 1 , Cregg et ai., 
<^foZ. C02i> Bioi., St 3376, 19S5; Kunze et ai. . , J. Ba^sic 

35 >ficroMoI,, 25i 141, 19S5; U.S. Patent Nos. 4,83?,i48 and 
4,929,555 [Pichia] , Hinnen et ai, , P.roc. ,Sf,3t:J. . Acad, Bcl. 
USA, 75: }92&, 1978? Ito et aJ. . , J. Bact^riol., 153i 163, 
1983 [,Saccharoiaycesj , Beach and Hxirse, Nature, .^jx?: ?G6, 
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1981 {Schi^osaccharomyces\ , and Davido-v? et , , Curr. 
Geji&t,, lOi 39, 1985; Gaiilardin et al,, Ci?rr, <?ene£., id 
49, 19S5 [ rarros^-la j ) . 

:> Th« pr y^^ent ir^veV'T. 1 on will now be illustrated by way of 
example with rt^iSorence tn the following figur^^^r^; 

Ficj. .lA Is a linear rftx^trlction -r.ap of t.hc U5tegrativ<s 
ca>5sette for insertion of. the expression casse~r-o Vlpex- 
10 PDI into the ADES chro^^^osoffiQi locus of cerovisine shsovinc? 
the direct, ion tranr.orlption of PD3 *ro5^ the indiscible 
CSAL/CYC projaocer (open nrro-w) , Selected restriction sites 
are showB. 



IS Fig, IB is a restriction of the integrative cassette fcr 
iT^sertion of th^ same esepiresslon cassette depicted in Fig, 
Ih into th^ cfos::omosomai locus ot c^T&visMe. 

Fig- IC is a restriction map af tixe LYS2 integrative 
20 cassette corstaining the S, cerevi^siae TSX2 coining sequence 
inserted into the expression cassette, 

Fiq, ID As a rey>traction ip.ap os' the ^.ntegratlvs 
cassette cont,alnin--j tno >\ rer-v'i.iz.je codinc? -;;equence 

25 inserted into t:he expression cassette fused in frat^ie with 
the signal peptide seqiisnce of YSpsecl- 

Fig, 2A shows a Northern blot analysis of RNA extracted trom 
S, cerevislae strains carrying chromosossal insertions of the 
30 PDI gene using a PDI -specific probe. Ths arrowheads 
indicate the transcript of the endogenous genet (PDI) and of 
the integrated mi construets (i s PDI) . 

Fig, 2B shows RNA extracted frois ^. aerevisx&a strains 
;H"< carrying chroir^osoiTsal insertions of the TI^XS gene and the 
Y~S2.^,, plasnad hybridised to a TRS<2™specif ic fupper panel) 
and to an HCV~E2y,5-specif ic probe fio^^'er pasv-l) . The 
arrowheads indicate the transcript of the endogenous gene 



{TRJCa) , of tbe integrated constructs (;sTRXa) and of 

the HCV~S2j,,5 CDNA cloned in YEpsecl {Y-'B2y,5) . 

Fig, 3 shovfs a v?estern blot analysis of jnolufole proteins 
2 from cell extracts of si-.okH £ :s ad yeast strain^s eKpsressing HCV- 
E2^,,^ using an ant^-i:;; :no}K>cionai antibody (i?5Ab) . Protains 
were separated by SDS~?AGH in the presence (+ DTTJ or in the 
absence (- DTT) ot a s^educing agent. 

10 Fig, 4 shovv's a dot~biot arsaiysis of. affinity purified K2yy. 
{IQ aq/dot) from the >nodifi<&d yeast strains, A mkb to HCV~ 
E2-^,^^ protein expressed in insect cslls (3ES-1) , a chiwpangee 
antisertssa against liCrVrElS2 co-purified from HeLa csXls 
(L559) (Chop et Ml., moa. ]?ati, Acad, Sci, USA, M: 12$4™ 

15 1298^ 1594} and three anti-Ea^^j-specif ic conf onaational mAfcs 
(291112, 5E5~H7, 6A1) {I^osa et a2., Proc, Natl, Acad. Sci. 
5^31 X?59'«l?§3f are \3sed for l^stjaimoblotting. 

Flg> s shows a ceii-bound fluorescence analysis of M0LT~4 
20 cells pre~incubated vlth different forms of ECV~E2 protein 
expressed by rKidifiea Ye.?*st strains and CHO rells. The pre- 
incubated MOLT-4 ce1 i^; ars:- Incub<=ited v,-j.th an anti-E:; mAb 
and, afuer incubating with f luoreujoent-labolied Ti-ib')^ 
fragss'snt LqG, binalng t:o target c^pII r. = <: indi rect ■ v do-.-^rte-; 
3 5 by liow cytometry as cell -bound f luoreu;c:vnce (relative -^ei i 
number {y axis) versus ssearx fluorescence inr,cn~ilty ■;>; 
axis)), Pre-incubated holt~4 cells (v.>itbout HCV~S2 
proteins) is the negative control. 



A description of tbe strains and plassuds used is presented 
in Table I. and in Figxsresn lA-D. Figures lA to ID depict 
scnematicaiXy tbe integrative cassettes used to modily the 
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cesrovis^iat- strains. The open bosses repreisent the 
S> c&revisiaB chroxsosojaal sequencfiS <ad«J {Fig, lA) and lys:? 
{Fiq. IB-D) used for integration into the hoxaologous 
chr OEiOsojnal loci, ThB genetic isarkers uBBd for selection of 
.> mtoqrants <HIS3 and TKPl) are shown as hstched .arrows, 
-s'hi le the open ,=^rrow {QAl /C^C) .nol^r.-^tes ^-ho pic:5oter 
-~>f>-|m-^r!C- . The black box Cturr) reprsser.ts -ranr.o) :; ; t xok 
cerrination f;<;,qiu,;ncos5 , Thcs plasjjud vs=»ctor a«>quence^ ar« not 

10 

Tbs ',v<i2 strain HBlOl {F~ hsdSZO recAiJ ara"i4 proM 
lacYl galF.-: x'psL20 xyl~5 mBtl-'J supE44} was used tor piasmid 
constructions, Transtorssation of S?. cold cells and anaiysis 
of r«coJsbirsant piasjsids were carried out as de^criised by 
15 Sajjibrook €st ^1., *toiecular eioning-; A Laboratory Manual, and 
Edition, Cold Spring Harteor Laboratory, Cold spring Harbor, 
Mew York , mh, 1SB9, 

c^rB\^isi$e strains ar« grovn at 30 'C in synthetic ^aedius^) 
20 corr.aining 2% carbon ",o«rce and 0*67% y«ast nitrogen base 
CDifco L>.5boratori-->s, Tetrolt, HT, VSh) yuppl- rented vxth the 
r-'-'quired dsr.ino .v-^.a--^ ("o uq/ml ^ or ,vn >t > T>cuiu;:5 

containing qiuccse {YPD) ox galactose (GalYP) , "^^ yeast 
extract, 2% peptone > 0.3% KH^PO^. 

2 5 

p.! a^-?aid Construct ? ons . ^l.nd.,<£giitLtiJ:^>'£' DJJllJ."^ " ^ f'*^:^ 

Restriction enzyms?., T4 DHA ligase and other ensysses used 
30 for DbiA and E^A iaanip^jlations are obtained froir. ?Jew England 
Biolafos (Hitohln , UK) or Boahringer Mannb&im GttsbH (Mannheim, 
GOTany). PCS arsplif ication of specific Dm fragjaents is 
perforjRed with a Perk.in Elmer Therusai Cycisr (Norwalk, CT, 
USA) using synthetic oiicfonucieorides. Dm saquoncmg is 
35 carried out using an Ap|)iod Dicsystesss {f^orwalk, CT, t;sA) 
r>ode: ;'7-5 mp, ^i>qa<^ o&r. \'-t.-ii yeast r%A or 
<-^xtxajwfcd according to standard n-c-^Ovrnto 3a< r v. ' il., 
Ccsid SpriT^g Harbor Laburator^i , Co.a hiti^^a jsatt^ot, iork. 
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USh, 1983) , All other DHA manipulations are perforsied "as 
describees by S&iabrook Bt al., .supra, S> cereyxsiae strains 
ars transformed by the LiCl TOthod (Hothstein, int DNA 
Cloning (Glovsr, «d,). Vol. ii, pp, 45-66, ihl Press, 

r> 1985) ; 

Two inteardtivo rac~.sette?; are --OK:-t r'!ctf->-; lot ;nserr:ng tne 
expressic-xi cassette, into two d:ttcr«u>nt chrrmn«oK--jl ioci cC 
S. c&revi>iiac, LYS/. and ADE2 < The intenr<^t: v-n dwjn.i>.? 

10 YipLy'I (Table l) is obcain-^x^ toy cloning an KcaBr~Hindi:i 1 PCR 
iragtsBtit cojssprisin^ 1,318 bp of the .v. .>?revijKide : vr,? <.j.;>nu- 
between the EcoRI and HindlXl sites of plasmid pUC8, Ths 
resulting plasisid pUC8~3^ys (Table i) contains a unique Bgiri 
site located within the sequence which is used £at 

15 cloning of the S. c&rmsiae selectable marker TRPl obtained 
by PCR ajnpiificatior! of the TRPl gene of plasiaid YKpi?, The 
integrative plasisid YIpAH (Table 1) is constructed by 
inserting into the S'coEX'-PstI sites of pUCS the 1,059 bp 
Xba3 fraOT.ent of the cerevi^iae gene amplified by 

30 PCR adding <xn Fc<>Fl site at the 5' end and a PstI site at 
the orsd. The 5, ^orevisiae s<,^lect:ab2 e t^arker mS3 is 
a~.pxif by PCR adcimq rostt ict ) on r>:tcp DawHT- rpe 5 -Not I at 
the V esKi m-xl a B.$nll [ isite .-.r, th-> ■ end. The HXS3 SaisiHr™ 
d^Q'-.>tcd rCR prodvict IS olon<>u :nxo the unique Bqlll site of 

25 pUCa-Ade to give plasjsid YIpAH, 

The pUClSyex plastsid carrying t^^e ^jjjproi^uucn ca.;~-etr-: 
constructed by cloning a PCR-aifsplif ied Mcll .,,y^'^ bp 
fragssent of piasmid Y^psecl (Baldari et ai,, s.VBO 6: 

30 229-234, 1987; Galeottx et al . , US Patent 5,432,082, 11th 
Jwly 1995), spanning the promoter to the terminator 
sequences, into the pUClSKot vector (Herrero et al., j. 
Bacterial., 172 t 6557-6567, 1990). Insertion of the 
seguence coding for cerev'islae ?*DI (LaMantia et ai,, 

35 Proc. mtl> Acad. Sci, USA, S8t 4453-4457, 1991) into the 
express i 05" cassette of pucyex is obtained by cloning a Sacr- 
Ps": rCR tragment into the SacL-Fsti sites of pUClSysx, 
SiKiilarly, the 5. rerevisiae TRX2 coding sequence (Muiler, 
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J. Biol, Ch^^>f 2661 9194-9203, 1991) is amplified .by fCR 
adding a Sad site g>roxi»iai to the ATG codon and a Sail site 
distaX from the TGA stop codon and cloned into the Sacl- 
Sail sites of pUClSyex. The sTRX version of the clone is 
5 obtained by subst itxit ing the S&cI~ATG PGR prisier with a Ssjal 
PCS primer,- which amplifies ths codinq s(T:qv!e,nc« £ro;u 

the secci?-id codon {T?\G.; in frame with the- signal pontid« 
sequence of pUClSyex, >^,nd olonincf the PGR frags^^ent into the 
Sfsal-Sail .sites of pDCiSyex. A13 PGR clones are sequenced 
10 after oloniTig irvto the pncisyex plass^sid. 

Vector YIpex2~PDX (Fig, lA) is obtained by inserting the 
Notl-Xfoal fragsnent of pUClSyex contaihirtg the PDI expression 
cassette intis the Hotl-SpeX sites of plassid YIpAU {Table 1) 

15 in order to remo'S'e the Xbal site at the! 3' end of the 
expression cassette and leave only the Xfeal ^ites at the two 
extrexaities of the A0E2 integrative eassette. 
Transforissation of strain Sl&Q-^B with Xtoal-di^estea YIpex2- 
PDI results in integration of the PDI expression cassette 

20 into the ADE2 chromdsdxsal: locus of strain BlSO-P&S (JTabie 

Cloning of the ye>;--PDi Notl fragnent if^to the rioti site of 
s'lpLvT (Table 1) gives rifi;e t.o tv;e pi d.~- cc^nt3M^1rlg ths 

25 PDI exprejssion c-sfssette in opposite orientation v.= ith respect: 
to the LYS2 integration locus;. ?1.3s;;;id V rpevl-PDX.". (Fig, 
IB) has the sasie orientation as YIpex2 - PDr , v/hile in plasiisid 
YIpexl-PDIB the yex~PDI insert is in the opposite 
orientation. Transformation of 5, c^revisiae with i'lpexi- 

30 PDIA/B is carried out using Spel-restricted integrative 
cassette. Strain S.1S0~PA1 (Table 1) is an integrant 
carrying the yejc-PDIA version, while strains iO03-PBl and 
S150~FB1 (Table 1) result froiti integration of yex-PDIB, 

35 Plasmids rXpexl«'TRX2 and YXpexl-sTRXS {Fig» IC and ID) are 

generated by subcloniiig the NotI fragment oi pUCiSyex-TRK 
and pUClSyex-sTRX respectively into the .MotI site of. 
pUCiSyeK- The crientation of the cloned fragstents chosen 
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for producing 5, co^oin^j^'^ x-^t^qr^ms "s^ the «5amr' as th^t 
of YIpesc-POXA, Intearants Bi^O^-K^l and SX21-VAZ ar« 
ofotajysed by tran^f orsti net strains Sl^f^~2F and sa-^O^PA'^ (Tables 
v;::.t I Spel-axjeated YIpexi-i'RX?, whereas tsans^crr ation ot 
A <^ w^irh r^'s'KX? geJKi; jte^. xntrqranr ^"l^^ i 

subs%,c:5uent ^rsfo^-r^f^J i/ith f -^c- \' pre^C* 'i:?,,,^ v^^'j^ismJ for 

(S150*"PA1, Table 1) bar. aleso bscn usod to obta;n himan FTCf 
in a solBbie lorm. The sam^ f actor xs insoluble when 
expressed i» th« wild-type yeast strain (S1S0-2S) . 

IS 

Analysis of Trapscrip t-i oT^ of the. Integrated (Senes 

)RHA from the different integrants growt> under repressing 
(YPD) or induciitg (GalYP) conditions separated on a 2,2H 

20 forr:^aldehyde~i .2% agarose gel, transtorrsd to a 
nitrocellulose menibrane and hybridized to '^^P-labslled 
specific probes in order tc 'ier^eimxrie ii tho site of 
int,egratiQ,o and/or orientation ;:ho eyprossl on csssstte 
inf laenor::y transcription of the- inuegruted PD3 or TRXS , 

25 Using a PDl~speci.f lo prob--;- ror Northern <YC><~nYsis ot PDT 
intearsrants shows that tranacr iPvioii t'rcjt; uhe galactose- 
inducible promoter of integrated PDI is correotly rogo-latod, 
x.e, repressed by growth in glucose medium (Fig, 2A) » 
Moreover, both the orientation of the transcription unit and 

30 the site of iTitegration influeirsce the level of 
transcription, A lower ratio between the transcript of 
integrated PDI and that of the endogenous gene is observed 
in integrants carrying the B CSX5Q~PS1, W303-~PB1) rather 
than tho A (Sir>0~PAl) orientation of the construct and 

35 integration In ade2 (f5iSQ~PA2) leads to an even greater 
redisct ion . 

Analysis of transcription of the HCV~E2j-^c^ oDNA cioned in 
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TBpBBGt iY-E2j^^) m Iys2 i i im2 md l:^»2 i i:BTm2 integrants 
grown in GalW shows that the iiiseftioi> of a g^lactos®^ 
fegwlat^a TRX2 ^&nn In m®s& strains -dtjess not inf Isjepce the 
I^Vel o£ t2^^ TsimAf even though as£pir0§sion of feoth ^^ejies 
§ regmires the sasfte transcriptidn f a<?fcoj?s {Fig> 2E) , 



10 

Cell extracts ars prepared froKs yeast culture? fcy uiarupthR;? 
cells with glass beads in a Braun hoiuogenxzer Braun 
MBlBungm hQ> Kalstmgen, Serssany) for 20 s at 4*c. After 
disruption, th«! cell suspeinsions are diluted in P*BS and 

15 affinity-purified (see below) . Protein samples are; analysied 
by SDS'«polyacrylamide gsl eXectrdphosrssis (SDS-PASS) as 
desoribed Jay Laejapli {Laesssnli, Nature, 227 i mo-ms, 
in LSB buffer (2% SDS, io% glycerol, 2Q0m DTT, 62.SiaH tris- 
HCl, pB 6,S and transferred to nitroceilijlose jsejsbrane 

20 {Nitrobind, MSI, Westborougb, MA, USA J {Towfoin et ^1 . , Proc, 
Natl, Acad. Sex. USA, 76: 4 350-4.354, 1579). The iBenitorane is 
incubated in iMiffer conta:ni.ng FBS,, 31 :ui2k powder and 
n,i% '.rr.iton, ,A snonoc] ona ! antibody (■•u\b) to a linear 
eo-topi:- oi" HCV~E;\.,, protein oy.zvfi-.s'-r.ed i.n insre^r, ce.ll;--: CJEi- 

25 1} f tvo corif ori-sationa 1 .(ftAba {2j']A2 and '3E;;~HT"i arsl a 
chimpanzee antiserurn a9a.5.nst HCy~EiI-:2 co-pur- f i^^d fron HeLa 
ceils {LSS9) ^Choo et .gi . , Proc, Nat;, /,ccid< Sa . USSA, 9i: 
1294-1298, 1994; Rosa et al . , Proc. A'at.l . Arad- Sci , USA, 
93 1 l?59-i?63, 1996) are used for issi^vunobiotting. 

30 liJosnnoblots are developed with enhanced chemiiuniinescence 
{ECL, ?^taershaKs, Arlington Heights, XL, USA) . 

HC¥-B2y^5 is purified from yeast cultures by affinity 
chrosaatography usinq a lectin colunin (<?alanfcftu.^ nivalis- 
3S agarose lectin (GHL) ; particular commercially availafols GNL 
used was GNA, Vector Labcratorics Inc., Burl uv:; am?, CA, 
USA) , Tho coiu-c«n is equilibrated vith PBS at 40c^\;h, washed 
with NaCi in PBS and the glycoprotein is eluted by 
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using m a-Tn^thyl-D-mannoside, O.m NaCi in PBS, The coiusin 
fractions are diaiyssd against PBS, protein corscentrations 
are detarisined using th«s Lowry method (8lo-Rad DC Protein 
Assay, Bio-Rad, Hercules, CA, DSA) and analyzed by dot-iaiot 
& with ssonoclonal antx~S2 antibodies, 

■^'Seste-rn blot analysis of affinity-purified proteins frosr^ 
ceil i^:<t.r;=5cts ol iys:^ : ; TRX2 , i y^^' ; : PDI < iys;? ; :Tr^>;;?---ai«T:;; : ;FDI 
integrants expresissincj HCV~e:-;.,, reveals that, a proportion of 

tQ the E2,^,, a.lycoprotein can enter the separat incj qei in the 
absence of DTT only in samples fros; integrants 
overoKpressing mi. The relative amount of glycoprotein 
entering tbe gel withotit a reducing ageyjt appears to ba even 
greater is the sample froia tbe double integrant SX21~Pk2 

m (Fig. 3), 

Itnmunofolotting of tindenaturad £2^,^ from the different yeast 
Strains shpvs that the glyooprotein purified frois the PDI 
integrant binds the 5E5~H7 and, at a lower extent, tlie 291A2 
SO eonforHiational antibodies (Fig. 4) - 



Ml.texe..nt Foriss of HCV-Ea Pro tein Expressed in Modifjgd 
y^st ....gtmim.,MM....t.o M 0I,T~4 Cell a 

as 

HCV-E2 protein is expressed in nAturi xn raTnjrialian cells and 
binds hujaan cells with high affinity. To investiqatss 
whether modified yeast-expressed E2 proteii-s has; >r;ip.iiar 
biological activity and can bind human cells;, cells ct the 

30 hutaan T-ceil lyjRphoma line, HOLT~4 are incnfoated at 4''C with 
different forjss of modified yeast -expressed Ea protein {8.7 
ug/mi) , As a positive control, CHO~expressed ^2 protein is 
used at the same concentration. As a negative control, 
HOLT-! csMls are incnbated in the absence of E2 proteins- 

3 5 suj:;s;equentlv, the cellislar pellet is incubated wirh laAb 
rsissKi against E2, After incubation with p^'^vooerythrin- 
idbeiled Ffabjj fragment goat anti~mous;:e igG , binding to 
target oelX^^ Is indirectly detected by flow cytojsetry as 



St) 

c^Xi"bo«na f luorescenc:^ {Fig, 5) , 

ks is shovn in Figure 5, the cells pre-incuteatsd with 

CHO~expresiSisd UCV~E2 protein (S2 CHO G^'L) have the highest 
:> mean iluorescsnce intensity (M ■■ ^3.78) when cosspared to 
ths MOLT~4 cells prs-^ noubaceu with i^^odi t iv-d yeast -expresssed 
£2 proteins {M 26.24 C H, ;> Yeaist PDI GHL) ; M 5,22 ( H;;> 
Vassr. tRa GNL);. Hovevfc'r, the M0LT~4 ceils pre- incubated 
virh ^r.odit:ied yeast "«^.xpre,vjsecl S2 protein noverthsjiess ar*-? 
10 higher in 5sean fluorescence intensity thah the MC5LT'-4 cells 
pre-^incubated with no E2 proteins (M ~ 3,m (-ve/controi) ) . 

Tho binding of the different forisa of the Ea protein to the 
MOL5?™4 ceils is inf luenced by the structure of the istottein®. 

15 The CHO~«xpressed B2 protein has appropriately-forsaea 
disulphide foopds and is therefore correctly folded and 
biologically active. The consequence of this is a high 
binding affinity of the CHO-escpiresised B2 protein for the 
cell surfaces of the MOLT-4 cells, resulting in a high iftean 

20 fluorescence intensity, Sissilariy, the isodifled yeast- 
e^prsssed S2 proteins also appear to be bioloqicaily active 
since they bind H0LT~4 cells, thereby refnuUioq in a higher 
^san fluorescence intensity' compared to the negative 
eontroi* 

as 

Although the luean fluorescence lntcr.u"ivy j^na i-h<; xcioro 
binding affinity lor MOLT-4 cells) is lm^:«^-r tot tne r.odlf-.xsd 
yeast-cxpressed E2 proteins conspared to the cno-expressed 
protein, non-modified yea&t-escpressed EZ protein (i.e. 

30 expressed in yeast cells without co-expression of PDT or 
TRX) is unahie to bind HOLT-4 cells (see Rosa et ai,, »roc, 
Afatl. Acad, Sci. USA, 93 i i?59~l?63, 1996; particularly 
lines 16 to 18 ot Resxatss paragraph on page 1760 and Fig. 
1) . Thus, the Modified host expression system of the 

35 present invention can produce heterologous proteins of a 
siiBilar biological activity and/or structure to the native 
proteins produced by their natural hosts. 
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1, A vector comprising an 0xg>ression cassette comprising 
5 3 DNA s&qvL&YiCB encoditjg a protein capable of catalysing 

disuiph.ide bond f oriE»at,1.on- 

2, A vector according to claira 1,- wheroin the protein 
capable ol: catalysiina disulphide bond formation is protein 

10 disulphide ison-ersse iPDj) or thioredcxm (TRX) . 

3, A ViTiCtor according to ciais; 1 or claim 2, wherein the 
vector fiarther comprises DEA sequence. {a) SBOoding one or 
more leader peptides for secretion. 

15 

4, A yBctox according to any one of claims 1 to 3^ 
wherMTj tiie vector turtl^er comprises an expression cassette 
cosnprisisg Dm sequence (s) encoding one or more heterologous 
proteins, 

20 

A vector according to claii^^ 4, whsr«*in tns 
heterologous protein is hepat .;t ^5 c virus (HCV) 
envelop© glycoprotein or human c~fos~induced growth factor 
(FIGF) , 

25 

6. k vector accordlrK^ to .any cnc ot ci-unis to f- , 
wherein the* vector is capable of integt.atin<| into th<; genos??e 
of a host organissgs. 

30 ?- A host organisss transforiissd with a vector according 
to any one of claiiss 1 to 6. 

8, k host organ isja according to claim ? further 
transformed with a vector cojsprising an expression cassette 
35 comprising DNA sequence (s) encoding ons or taore heterologous 
proteins. 
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9- A host organism accordin>3 to ciaijs vherein the 
heterologous protein i?i hepatitxa C virus (HCV) ESy.^ 
envelope glycoprotein or huTsan FIGF, 

0 t- host crcianuor. according to any one of cSsima ? T-o 

^, where:; tx\Q hv^sL orqarpfiT^ in a yoant . 

" " V "-<^thixl producna >^ host organism accot-ding to 

o..\jLr« 7, ^ompri?\n~ji rranfilors^inij a host organisja vith a 
'J v,-oto»' o-" a^i i<n<. of .msjt^?; \ to i>. 

12. A MsCtho<i of prcdur:.rsg n ho^t orqanism ^sccordmq to 
cialTS 8 , co8tjstlsirt9 further trans forming a host organiiSKs of 
claim 7 either sufossg««!ntJ.y or sxmultan<fedttsly with a vector 
IS oojaprising an expression o&ssette cossprissing DHA seguj&nce(s) 
encoding one or njore heterologous proteitje. 



13, A isethod of producing a host organism according to 
olaim 9, oqsaprisirig further transforming a host organlism of 
20 claisa ? either subsequently or siTaulta-neously with a vector 
co5j5prisxnq an expression cassette comprising DHA sequence (s) 
encoding hopatitis C virus (HCV) E2j-^^ envelope glycoprotein 
or n\jman FlGlr^ 



corr-irt'Y rxr\-ic\ ueu ncvCi ^>loc!?ar, pr£3tein(s) in a host 
organises, coinpris.i.ng the? stops ; 

(a) tranGt'orclnij a host orqanir^ vith osw ox .soro vo,;loii; 
30 according to ^ny one of claims x to s; 

(fo) further transforming the host organism resultlhg froB 
step (a) either stiiskeguehtly or simultahfottsiy with one or 
3«o??e vectors cojspr ising SNA sequence (s ) erscoa lT\g one or mox^ 
3S heterologotis proteins? and 
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(c) culturing the host: t^sganxsm of step (b) xj^ condition?; 
suitable for expression of th*? one or jsore heterologous 
proteins. 

„S. \ jt^,tho3 i^jr expressing biologically active and/or 
cor ectiy structureci heterologous protein {sj an a host 
organism, oosaprlssingf 

Us ^iith'-.;:: GUbseqaenr.ly or sijsul tanuousiy -swith one .ji- more 
vectors corvr^r-'x.} mA sequencers) encoding one or more 
heteroiogous proteins; and 

(b) culturing the host organa.si8 of step (a) in conditions 
IS suitable for expressiori of th« one or sore heterologous 
proteins . 

16, ^ method for expressing biologically active and/or 
correctly structured heterologous protein (s) in a host 
20 crganisits, coraprisinq the st^p of culturing a host organises 
according to claisss 8 in conditions suitable for expression 
of the ono or more hsterologons proteins, 

25 vhereii; the heterologous protein is HCV-E2;-;j envelope 
glycpproteln or feisian FIGF. 

IS* A jRetliod for th« preparation of ar: ramasioaenic 
composition, comprising bringing HCV-ESyi^ ?>nvolops 
m glycoprotein or hman PICSF produced hy the method of claim 
1? into association with a pharjaaceutically carrier and 
optionally an adjuvant. 
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